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iAbstract
We studied the energy spectrum and the large-scale ﬂuctuation of the X-ray background
with the ASCA GIS instrument based on the ASCA Medium Sensitivity Survey and the Large
Sky Survey observations. A total of 91 ﬁelds with Galactic latitude |b| > 10◦ were selected
with a sky coverage of 50 deg2 and 4.2 Ms of exposure. For each ﬁeld, non X-ray events were
carefully subtracted and sources brighter than ∼ 2 × 10−13 erg cm−2 s−1 (2–10 keV) were
eliminated. Spectral ﬁts with a single power-law model for the individual 0.7–10 keV spectra
showed a signiﬁcant excess below ∼ 2 keV, which could be expressed by an additional thermal
model with kT  0.4 keV or a steep power-law model with a photon index of Γ soft  6. The
0.5–2 keV intensities of the soft thermal component varied signiﬁcantly from ﬁeld to ﬁeld by
1 σ = 52.1+4.2−4.6 %, and showed a maximum toward the Galactic center. As for the hard power-law
component, an average photon index of 91 ﬁelds was obtained to be Γ hard = 1.412±0.007±0.025
and the average 2–10 keV intensity was calculated as F hardX = (6.38 ± 0.04 ± 0.64) × 10−8
erg cm−2 s−1 sr−1 (1σ statistical and systematic errors). The 2–10 keV intensities show a 1 σ
deviation of 6.49+0.56−0.61 %, while deviation due to the reproducibility of the particle background is
3.2%. The observed deviation can be explained by the Poisson noise of the source count in the
f.o.v. (∼ 0.5 deg2), even assuming a single logN–logS relation on the whole sky. Based on the
observed ﬂuctuation and the absolute intensity, an acceptable region of the logN–logS relation
was derived, showing a consistent feature with the recent Chandra and XMM-Newton results.
Fluctuation of the spectral index, on the other hand, implied a large amount of hard sources
and a large variation in the intrinsic source spectra (ΓS  1.1 ± 1.0). According to the recent
Chandra results reported by Rosati et al. (2002), the X-ray background in 2–10 keV has been
resolved into discrete sources by 73–96 % at a ﬂux limit of S >∼ 4.5× 10−16 erg cm−2 s−1.
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The diﬀuse X-ray radiation was discovered in a rocket experiment (Giacconi et al. 1962) along
with an extra-solar X-ray source (Scorpius X-1). It was the beginning of the X-ray astronomy
and preceded the discovery of the cosmic microwave background (CMB; Penzias & Wilson 1965),
which has a 2.73 K-blackbody spectrum and considered as a relic of the Big Bang.
These background radiations are expected to provide valuable information about the uni-
verse. As for the diﬀuse X-ray background, its surface brightness has been revealed to be fairly
isotropic, which means that it must have the origin out of the Galaxy, so that we call it as the
Cosmic X-ray Background or CXB in short. Figure 1.1 schematically shows the spectrum from
the extra-galactic sky in the radio to γ ray bands. The CXB ranges over more than 5 orders
of the magnitude, from below 1 keV to above 10 MeV. When the intensity of CXB between 2
and 10 keV is integrated over 4π steradian, it amounts to 7× 10−7 erg cm−2 s−1 (Schwartz and
Gursky 1974), which is 10 times larger than all the integrated intensity from the Galaxy. It has
been a puzzle in the X-ray astronomy where such energetic radiation comes from.
Two broad hypotheses had been considered as the origin of the CXB from its spectral shape.
The 3–50 keV spectrum can be expressed by the bremsstrahlung model with kT=40 keV, similar
to the emission from an optically-thin thermal plasma (Marshall et al. 1980; Rothschild et al.
1983). If there exist such X-ray emitting diﬀuse plasma everywhere in the universe, the CMB
photons would be up-scattered through the inverse-Compton eﬀect with high-energy electrons
residing in the plasma. Constraints for this hypothesis came from the observation of the CMB
performed by the COBE satellite. The distribution of the CMB showed the Planck’s law of
radiation quite well (Mather et al. 1990). Therefore the diﬀuse plasma origin was almost ruled
out.
The other possibility is the superposition of discrete sources. Due to the dramatic develop-
ment of detectors and optics, in fact, faint discrete sources ever embedded could be identiﬁed.
Below 2 keV, ROSAT satellite ﬁrst revealed that the majority of the CXB emission can be
resolved into faint discrete sources (Hasinger et al. 1993). This kind of study has made a major
advance in the higher energy above 2 keV recently with the advent of the Chandra X-ray Ob-
servatory. In this energy range, also more than a half (60–90 %) of the CXB emission has been
resolved into discrete sources (e.g. Mushotzky et al. 2000, Brandt et al. 2001; Tozzi et al. 2001).
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Figure 1.1: Spectrum of the cosmic background radiation adopted from Hauser & Dwek (2001). The radio
background (CRB) is represented by a νIν ∝ ν0.3 spectrum, normalized to the Bridle (1967) value at 170
cm. The cosmic microwave background (CMB) is represented by a blackbody spectrum at 2.725 K. The
UV-optical (CUVOB) and infrared (CIB) backgrounds are schematic representations. The data for the
X-ray background (CXB) are taken from Wu et al. (1991), and the curves are analytical representations
summarized by Fabian & Barcons (1992). The γ-ray background (CGB) is represented by a power-law
given by Sreekumar et al. (1998).
At the present time, the 2–10 keV CXB has been almost resolved into discrete sources leaving
10–20 % at most at the faintest ﬂux limit (∼ 10−16 erg cm−2 s−1 ). The main uncertainty of
these resolved fraction lies in the measurement of the total intensity of the CXB, which requires
a well calibrated detector with low internal background, as well as large sky coverage.
The main aim of the present study is to determine the absolute intensity and the spectral
shape of the CXB as precisely as possible. The ASCA Medium-Sensitivity Survey (AMSS) is a
serendipitous survey, consisting of 368 ﬁelds which can be regarded as a random sampling of the
CXB. Ueda et al. (2001) produced a catalog of 1343 X-ray sources based on the AMSS, and gave
a fairly tight logN–logS relation (see Chapter 2) in the ﬂux range above 7×10−14 erg cm−2 s−1
(Ueda et al. 1999a). On the other hand, the data after the point-source elimination form the
basis for the present study. It would also enable us to constrain the logN–logS relation or the
intrinsic spectral distribution of the constituent sources through the ﬂuctuation analysis, as well
as to look into the large-scale distribution of the CXB.
The GIS system (Ohashi et al. 1996, Makishima et al. 1996) on board ASCA consists of two
3gas imaging spectrometers, which have well-studied and low internal background, simultaneously
providing a large (>∼40′ in diameter) ﬁeld of view (f.o.v.). These properties are powerful in
studying the spectral features of the CXB.
This thesis reports the detailed spectral and spatial properties of the CXB, using almost all
the available pointing data taken with the GIS. Even though the angular resolution is moderate,
the very low background of the present data will provide us with the best achievable information
about the CXB spectrum and its absolute intensity. The derived constraint on the number-ﬂux
distribution of X-ray sources in the medium ﬂux range will also give us important clues in
understanding the evolutionary history of active galaxies.

Chapter 2
Review of the Cosmic X-ray Background
It has already been 40 years since the Cosmic X-ray Background (hereafter called CXB) was
discovered (Giacconi et al. 1962), and it was just at the end of the 20th when we observed
the faint discrete sources as the major contributer of the CXB. Deep surveys were enabled by
the Chandra and XMM-Newton observatories in the hard X-ray band above 2 keV, where bulk
of the CXB emission arises. In this chapter, we give an overview of the CXB with regard to
its spectral properties and spatial distribution. Several key observational results are described
along with their implications. Since the background radiation below 2 keV contains the Galactic
emission to some extent (for a review see McCammon & Sanders 1990), the present CXB study
is mainly concerned with the component above 2 keV. After its discovery, too many papers
concerning the CXB have been published so that we cannot follow all of them here. Early
works, especially based on the HEAO1 satellite (1977–1979), are reviewed by Boldt (1987) and
more recent characterization of the CXB, including Ginga (1987–1991) and ROSAT (1991–1999)
results, are described by Fabian & Barcons (1992). The aim of the present thesis and its position
among such numerous works will be given in the last.
2.1 CXB Spectrum
2.1.1 Possibility of Thermal Origin
In the beginning of the X-ray astronomy, the CXB energy-ﬂux spectrum I(E) had been




−8 E−0.40 (1 ≤ E ≤ 21 keV)
2.68× 10−7 E−1.38 (21 < E keV)
erg cm−2 s−2 sr−1 keV−1, (2.1)
where E is the X-ray energy in unit of keV. Later, the HEAO1 (High Energy Astronomy
Observatory; Peterson 1975) mission showed that the CXB spectrum in the 3–100 keV range
can be approximated by a single power-law with an exponential cutoﬀ as (Boldt 1987)










erg cm−2 s−2 sr−1 keV−1. (2.2)
This is essentially identical to the thermal bremsstrahlung spectrum with a temperature kT = 40
keV (Figure 2.1), and implied that there is an X-ray emitting hot plasma uniformly distributed
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in the universe. However, this apparently a thermal spectrum also implied that the nature of
the CXB emission is not entirely a thermal origin. It was already known that a major fraction
of the emission consisted of active galactic nuclei (AGNs) which emits power-law spectra up to
a few 10s of keV, therefore the remaining spectrum after subtracting the AGN contribution can
no longer be ﬁtted with a thermal spectrum. At the same time, these spectral features showed
that some unknown component with very hard spectra had to contribute signiﬁcantly to the
CXB emission.
Figure 2.1: The ratio (R) of the observed
counts for the CXB to that predicted for ther-
mal bremsstrahlung model, adopted from Mar-
shall et al. (1980) based on the HAEO1 A2 ob-
servations.
Figure 2.2: The CMB spectrum from the COBE
FIRAS instrument at the north Galactic pole, com-
pared to a blackbody, adopted from Mather et al.
(1990). Boxes are measured points and show size
of assumed 1 % error band. The units for the ver-
tical axis are 10−4 erg cm−2 s−1 sr−1 cm. Inverse-
Compton eﬀect would decrease the intensity of CMB
in the Rayleigh-Jeans region and increase it in the
Wien region.
An independent constraint on the hot-gas origin of the CXB was given by the high-quality
spectrum of the cosmic microwave background (CMB). The hot plasma would up-scatter the
CMB photons and cause deviation from the blackbody spectrum. However, CMB measurements
by the FIRAS experiment on board COBE (Cosmic Background Explorer) showed that the
deviation from the 2.73 K-blackbody spectrum was less than 1 % (Figure 2.2; Mather et al.
1990; Wright et al. 1994), which implied that the contribution of such hot plasma to the CXB
must be less than 0.01 %. Thus the uniform thermal plasma as the origin of the CXB (e.g.
Taylor & Wright 1989) was almost ruled out.
If the CXB emission comes from metal-enriched hot gas, then the energy spectrum should
contain many redshifted Fe-K emission lines which jointly produce a shoulder on the low-energy
side of 6.7 keV. The resultant spectrum should indicate a weak edge at 6.7 keV. Marshall et
al. (1980) searched for such an edge feature and gave an upper limit of 2 % (90 % conﬁdence
level) for the edge depth at 6.7 keV. However, the expected depth if all the CXB emission is due
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to clusters of galaxies is only 1%, so the spectral constraint itself cannot exclude the thermal
origin.
2.1.2 Power-Law Approximation and Spectral Paradox
As expected from equation (2.1), Marshall et
al. (1980) successfully approximated the 3–15
keV CXB spectrum with a power-law form
with a photon index Γ = 1.4 as shown in Fig-
ure 2.3. Even in the recent measurements by
ASCA GIS and SIS (Ishisaki 1996; Gendreau
et al. 1995) or BeppoSAX LECS and MECS
(Parmer et al. 1999; Vecchi et al. 1999), which
have high sensitivity and moderate angular
resolution, the photon index of Γ = 1.4 was
still measured in the similar energy bands. It
is now established that the CXB energy spec-
trum can be well approximated by a power-law
model with the photon index Γ = 1.4 at least
in the 2–10 keV band.
Figure 2.3: The ratio (R) of the observed counts
for the CXB to that predicted from power-law
spectra, adopted from Marshall et al. (1980)
based on the HAEO1 A2 observations.
The present thesis is based on the power-law approximation of the CXB spectrum. This
approximation matches the observational results that AGNs, which generally reveal power-law
spectra, constitute the majority of the CXB in 2–10 keV. However, the typical class of AGNs,
such as type 1 Seyfert galaxies show a steep power-law spectrum of Γ  1.7 (e.g. Turner &
Pounds 1989) and have strongly conﬂicted with that of the CXB (Γ  1.4). The situation is
called as the “spectral paradox” (Fabian & Barcons 1992). Possible candidates which can emit
such a hard spectrum are type 2 AGNs. Based on the uniﬁed scheme of AGN (Antonucci &
Miller 1985; Awaki et al. 1991), type 2s are thought to be the type 1 systems seen through
the cold gas disk around the central black hole. Due to the photoelectric absorption in such
cold gas, the observed spectra are very hard, and it is shown theoretically that 3–100 keV CXB
spectrum can be reproduced by a mixture of unabsorbed and absorbed AGNs (Madau et al.
1994; Comastri et al. 1995).
Observationally, a spectral survey from ASCA showed that the average spectral slope be-
comes progressively harder as the sources become fainter, and the observed photon index of 2.1
at around 10−11 erg cm−2 s−1 turns to 1.6 at around 10−13 erg cm−2 s−1 in the 0.7–10 keV band
(Ueda et al. 1999a). Ishisaki et al. (2001) performed a deep survey in the Lockman Hole ﬁeld
with the SIS instrument of ASCA combined with optical follow-up surveys, and found that type
2 AGNs made up a major part of X-ray populations at 3× 10−14 erg cm−2 s−1 level. Thus, the
issue of the spectral paradox is now starting to be solved.
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2.1.3 Absolute Intensity
As for the absolute intensity of the CXB, there is fairly large uncertainty among the mea-
surements; namely, the reported intensities at 1 keV are 13.4 ± 0.3 (Hasinger 1992), 9.4 ± 0.4
(Gendreau et al. 1995) and 10.4+1.4−1.1 (Parmar et al. 1999) photons keV
−1 cm−2 s−1 sr−1. Miyaji
et al. (1998) precisely measured the intensities of the Lockman Hole ﬁeld and Lynx ﬁeld using
ASCA GIS, SIS and PSPC experiment aboard ROSAT (Ro¨ntgen Satellite; Tru¨mper 1983), and
suggested the systematic error of up to  20–30 %. It is diﬃcult to eliminate errors in the
instrumental calibration and in the non X-ray background subtraction. The CXB spectra from
the Lockman Hole ﬁeld are shown in Figure 2.4 together with previous measurements. For the
CXB below ∼ 1 keV, modeling for the Galactic component causes some additional error. The
previous works employed two thermal models or a broken power-law to express the component
below 1 keV.
Figure 2.4: The ROSAT PSPC and ASCA GIS spectra (using a two power-law model) of the Lockman
Hole (LH) ﬁeld are shown and compared with previous measurements: the thick solid bowtie is from
Hasinger (1992); the dot-dashed bowtie from Georgantopoulos et al. (1996), both used ROSAT PSPC.
The dotted line is from rocket measurements (McCammon & Sanders 1990). The long-dashed horn is
from an ASCA SIS measurement by Gendreau et al. (1995) and the thin solid bowtie is a joint ROSAT
PSPC plus ASCA SIS analysis of QSF3 ﬁeld by Chen et al. (1997) for E > 1 keV. The thick solid line
represents the HEAO1 A2 measurement by Marshall et al. (1980). This ﬁgure is adopted from Miyaji et
al. (1998).
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2.2 Global Isotropy
The surface brightness distribution of the CXB in the energy range below 1–2 keV is aﬀected
by the Galactic diﬀuse emission, for which we do not go into the details. On the other hand, the
CXB brightness above 2 keV in high Galactic latitudes with |b| > 30◦ shows no clear correlation
with the Galactic structure and no signiﬁcant anisotropy other than the presence of a weak dipole
feature. The survey observations from Uhuru (Giacconi et al. 1971) and HEAO1 A2 (Rothschild
et al. 1979) showed that the dipole amplitude after the removal of Galactic contribution was
0.61 ± 0.26 % (Protheroe et al. 1980) and ∼ 0.5 % (Shafer & Fabian 1983), respectively. The
dipole axis is almost consistent with that seen in the CMB distribution (Figure 2.5), and this
anisotropy is consistently explained by the proper motion of the observers with respect to the
universe. When the dipole anisotropy is removed, the ﬁeld-to-ﬁeld rms ﬂuctuation of the CXB
intensity measured with HEAO1 A2 (ﬁeld of view of 3 × 3 deg2) is only 3 % of the total CXB
ﬂux (Shafer 1983). Using the GIS instrument (40′ in diameter) on board ASCA, Ishisaki (1996)
showed that the relative ﬁeld-to-ﬁeld variation in the 2–10 keV ﬂuxes was 3.4 % in 1◦ scale, based
on the spectral analyses in 13 ﬁelds in the Galactic latitude |b| > 15◦. The spatial distribution
of the CXB above 2 keV would reﬂect how distant X-ray sources (mostly AGNs) distribute in
the universe.
Figure 2.5: The dipole anisotropy of the
CXB observed with HEAO1 A2 all-sky sur-
vey, adopted from Boldt (1987); percentage
deviations from isotropy (represented by the
circle) for the average surface brightness near
the ecliptic plate (β = −24◦ → +24◦) as a
function of ecliptic longitude (λ). The 1σ er-
ror bar shown corresponds to photon counting
statistics. Special directions indicated are for
the CMB anisotropy results of (a) Smoot et
al. (1977), (b) Cheng et al. (1979), and (c)
the longitude where the supergalactic plane
crosses the ecliptic equator.
2.3 Superposition of Discrete Sources
The majority of 2–10 keV CXB has been resolved into the faint discrete sources now, leaving
<∼ 20 % of unresolved part at the faint end. We introduce here the logN–logS relation which
gives the basic information in estimating the point-source contribution to the CXB. This is
followed by a brief review of previous results.
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2.3.1 Number-Flux Relation (logN - logS Relation)
An X-ray source with a luminosity L and a distance D from the observer is detected with a
ﬂux S(= L/(4πD2)), ignoring some cosmological corrections. If the X-ray sources are distribut-
ing in the Euclidean universe with a uniform number density ρ, the number of sources in the
ﬂux range between S and S + dS per solid angle is given by
n(S)dS = ρ×D2 |dD|
= ρ× (2−5L2π−2) S−5/2dS. (2.3)
Therefore, the number of sources goes up as the ﬂux S becomes lower, following a power-law
with an index −5/2. This estimation is too simple, since the actual luminosities of sources
are not constant but distribute along the luminosity function which also varies with D, namely
with the redshift z. However, the detailed form of N(S) is not necessary for the analysis of
the observed data. We can simply replace the index 5/2 by a free parameter γ and introduce





−γ (Smin < S),
0 (otherwise),
(2.4)
where k is a normalization constant and Smin is the lower cutoﬀ of S. This number-ﬂux relation
is a straight line in the log - log plot in the S versus N plane, so we call it the logN–logS












which is useful in evaluating the contribution of discrete sources to the CXB. Note that Smin
is necessary to avoid divergence of the integrated ﬂux, which is known as the Olvers’ paradox,
when γ is greater than 2.0.
2.3.2 logN - log S from Non-Imaging Experiments
X-ray satellites, Uhuru, Ariel-V (Smith & Courtier 1976), and HEAO1 performed all-sky
surveys in the hard X-ray band with sensitivity on the order of 10−12– 10−11 erg cm−2 s−1.
Based on the HEAO1 A2 data, Piccinotti et al. (1982) picked up 85 X-ray objects in high
Galactic latitudes (|b| > 20◦) with the ﬂux limit  3.1× 10−11 erg cm−2 s−1 and found,
N(S) = (2.2+0.3−0.2)× 10−15 S−2.5 sr−1, (2.6)
where S is the 2–10 keV ﬂux in units of erg cm−2 s−1. This is almost consistent with the results
from Uhuru (Fabian 1975) and Ariel V (Warwick & Pye 1978). Using the Ginga slow scan data
in a limited sky region near the north ecliptic pole, Kondo (1992) carried out a complete survey
with a total solid angle of 383 deg2, and gave the average source number density to be 94± 28
sr−1 at the 2–10 keV band with a ﬂux limit 8 × 10−12 erg cm−2 s−1, which is consistent with
the results by Piccinotti et al. (1982).
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The source number counts derived by non-imaging experiments are usually limited by a
source confusion limit; the number of sources in the ﬁeld of view goes up quickly as the source ﬂux
becomes fainter according to the logN–logS relation, and the expected number of the sources in
the ﬁeld of view exceeds unity at a certain ﬂux level. This level is known as the confusion limit.
With no imaging capability, we cannot determine whether the excess counts come from either
one single source or plural ones. This uncertainty gives a large error in determining the logN–
log S curve, based on the source detection method. On the other hand, statistical treatment of
the intensity ﬂuctuation for a large number of ﬁelds can constrain the logN–logS curve even
below the confusion limit. This idea was employed in the radio astronomy in 1950’s and applied
to the X-ray astronomy in 1970’s. As explained in Appendix C, the ﬂuctuation method has been
widely used for most of the satellite data and eﬀectively constrained the logN–logS curve.
An example of the results from the ﬂuctuation analysis is shown in Figure 2.6 based on
the Ginga data. Hayashida (1990) concluded that the logN–logS relation derived from the
ﬂuctuation analysis accounted for at least 30 % of the CXB ﬂux in the 2–10 keV band.
Figure 2.6: The diﬀerential source counts in the 2–10 keV band adopted from Butcher et al. (1997).
Crosses are from Piccinotti et al. (1982), and dashed curve indicates 90 % conﬁdence level from the
HEAO1 ﬂuctuation analysis (Shafer 1983), and solid curve surrounds 90 % conﬁdence level from the
ﬂuctuation analysis based the Ginga LAC data.
2.3.3 Results from Imaging X-ray Instruments
ASCA and BeppoSAX
The Japanese satellite ASCA (Tanaka et al. 1994) carried nested thin-foil X-ray mirrors with
a spatial resolution of about an arcminute in the 2–10 keV band. This enables us to observe faint
sources with ﬂux down to several times 10−14 erg cm−2 s−1 in 2–10 keV for the ﬁrst time, and
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to resolve a larger fraction of the CXB into a number of faint sources than previously possible.
Several sky surveys were carried out from ASCA. One is the Large Sky Survey (LSS). It consists
of 76 pointing observations which cover a fairly wide ﬁeld of sky (∼ 5.4 deg2) near the north
Galactic pole. Mean exposure time of each pointing is about 30 ks. Another one is the deep sky
survey (DSS), in which ASCA was pointed to some sky ﬁelds (SA 57, Lockman Hole, Lynx ﬁeld,
etc.) for a hundred to several hundred ks. The other one, medium sensitivity survey (AMSS),
is a serendipitous survey, consisting of 368 ﬁelds which can be regarded as a random sampling
of the CXB. Ueda et al. (1999a) produced a catalog of 1343 X-ray sources based on the AMSS,
and gave a fairly tight logN–logS relation in the ﬂux range above 7× 10−14 erg cm−2 s−1. As
for the ﬂuctuation analysis, Gendreau et al. (1998) reported the results from the SIS0, one of
the CCD cameras, in the range (2–12) ×10−14 erg cm−2 s−1 for 15 images including the DSS
data, and concluded that 35 ± 13 % of the CXB was resolved.
The Italian-Dutch X-ray Satellite BeppoSAX (Boella et al. 1997) carries four gas scintillation
proportional counters called MECS and LECS, which jointly cover the energy range between 0.1
and 10 keV with similar angular resolution to the ASCA instruments. Along with the source
number counts above 5× 10−14 erg cm−2 s−1 (2–10 keV; Giommi et al. 2000), Perri & Giommi
(2000) constrained the logN–logS relation by the ﬂuctuation analysis down to 1.5 × 10−14
erg cm−2 s−1, similar to Gendreau et al. (1998) as seen in Figure 2.7. The resolved CXB (2–10
keV) amounted to 40–50 %.
Chandra and XMM-Newton
The NASA’s new X-ray astronomy satellite, Chandra X-ray Observatory (CXO; Weiskopf et
al. 2000) was launched in July 1999. It has a 4 nested mirror with focal length 10 m coupled with
CCDs, and provides an extremely good angular resolution reaching a sub-arcsec level. Several
deep surveys were performed so far in several ﬁelds, e.g. Chandra Deep Field North (CDF-N;
Brandt et al. 2001a, Brandt et al. 2001b), Chandra Deep Field South (CDF-S; Giacconi et al.
2001, Tozzi et al. 2001, Rosati et al. 2002), and Hawaii Deep Survey Field SSA13 (Mushotzky
et al. 2000). Because of the absence of source confusion, the ﬂux limit of Chandra goes down to
10−16 erg cm−2 s−1 level at present. Mushotzky et al. (2000) found that faint source contribution
amounts to at least 75 % at a ﬂux 2.5 × 10−15 erg cm−2 s−1, and that there was a ﬂattening
of logN–logS curve below 2 × 10−14 erg cm−2 s−1 in the 2–10 keV data ﬁtted with γ = 2.05.
The ﬂattening had already been found in the soft X-ray band (e.g. Hamilton & Helfand 1987;
Hasinger et al. 1993). Rosati et al. (2002) performed the source counting in the CDF-N and
CDF-S in a consistent way, and suggested the diﬀerence in the normalization of logN–logS
to be ∼ 8 %. Miyaji et al. (2002) performed a ﬂuctuation analysis for the Hubble Deep Field
North, and gave an upper limit of about 10000 sources deg−2 at 2× 10−16 erg cm−2 s−1.
The XMM-Newton, the X-ray Multi-mirror Mission (Jansen et al. 2001), was launched in
December 1999 by the European Space Agency (ESA). The observatory consists of three 7.5 m
focal length 58 nested telescopes combined with CCD arrays. Its ﬁeld of view is 30′, which is
close to the ASCA XRT+GIS system, but with much better angular resolution of about 15′′.
2.4. THE ROLE OF ASCA SURVEY 13
Figure 2.7: The integrated source counts in the 2–10 keV band adopted from Giommi et al. (2000). Solid
and dotted bow-tie regions are constraints from ﬂuctuation analyses by BeppoSAX MECS and ASCA
SIS, respectively. Data points are from ASCA DSS (Ogasaka et al. 1998), ASCA MSS (Ueda et al. 1999a)
and BeppoSAX surveys (Giommi et al. 2000). Asterisks indicate survey results from Ginga (Kondo et al.
1991) and HEAO1 (Piccinotti et al. 1982).
Baldi et al. (2002) performed a serendipitous survey which covers about 3 deg2 area with a
ﬂux limit of 2.8× 10−15 erg cm−2 s−1 (2–10 keV). They ﬁlled in the gap between the Chandra
ﬂux level and the ASCA and BeppoSAX levels on the logN–logS plot, and also detected the
ﬂattening at ∼ 2× 10−14 erg cm−2 s−1. The Chandra and XMM-Newton logN–logS results are
shown in Figure 2.8.
2.4 The Role of ASCA Survey
As mentioned above, deep surveys from Chandra and XMM-Newton provides the number
count to a very low ﬂux limit. However, information about the absolute intensity and spectral
features of the CXB in the hard energy band up to 10 keV is crucial in evaluating the AGN
contribution, in particular, the shift of major contribution from type 1 to type 2 in the medium
ﬂux range. It is diﬃcult for Chandra and XMM-Newton to measure the spectra of diﬀuse
component because of their relatively high internal background (Chapter 3), and they provide
very few archival data compared to those of ASCA. We can determine the CXB parameters
as precisely as possible based on the low background data from ASCA. The AMSS provides
us with the best sample appropriate for the CXB study. Moreover, the GIS system (Ohashi
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Figure 2.8: Thick solid curve shows
integrated source counts N(S) in the
2–10 keV band, adopted from XMM-
Newton results by Hasinger et al.
(2001). The solid straight line in the
bright ﬂux end refers to the ASCA
counts by Cagnoni et al. (1998),
while dashed line in fainter ﬂuxes
shows the Chandra counts by Giac-
coni et al. (2001) and dotted region
indicates the BeppoSAX ﬂuctuation
result by Perri & Giommi (2000).
et al. 1996; Makishima et al. 1996) oﬀers well-studied response and low internal background
simultaneously, as well as the large ( >∼ 40′ in diameter) ﬁeld of view (f.o.v.).
Chapter 3
Instrumentation
3.1 The ASCA Satellite
The X-ray astronomy satellite ASCA (1993–2001; Advanced Satellite for Cosmology and
Astrophysics) is a project of the Institute of Space and Astronautical Science (ISAS), developed
under a Japan-US collaboration (Tanaka et al. 1994). Following Hakucho (1979), Temma (1983),
and Ginga (1987), ASCA is the fourth Japanese satellite devoted to the cosmic X-ray investiga-
tions. ASCA was launched into the orbit on 1993 February 20, using the M-3SII-7 rocket, from
Kagoshima Space Center (KSC). ASCA has a near-circular orbit with a perigee of 520 km, an
apogee of 625 km, and an inclination of 31◦.1. ASCA goes about 15 revolutions per day around














































Figure 3.2: Onboard instruments of the ASCA
satellite.
Figure 3.1 shows the in-orbit conﬁguration of ASCA. It weighs 417 kg, and has an octagonal-
shaped body of a diameter 1.2 m where six solar panels are attached. The spacecraft has a nested
double-cylinder structure, with the inner part serving as an extendible optical bench (EOB).
Four sets of identical imaging X-Ray Telescopes (XRTs) are placed at the top of the EOB. They
are all aligned along the satellite Z-axis with a common focal length of 3.5 m. Compared with
X-ray telescopes of previous X-ray satellites, the ASCA XRT has a much larger throughput
and a wider energy band up to 10 keV (§3.2). As illustrated in Figure 3.2, the focal planes
of the XRTs are equipped with four position-sensitive X-ray detectors; two GIS (Gas Imaging
15
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Spectrometer; § 3.3) detectors, and two SIS (Solid-state Imaging Spectrometer; § 3.4) detectors.
Each detector is coupled to a ﬁxed XRT, and the four telescope-detector systems acquire data
simultaneously for the same target.
3.2 X-Ray Telescope (XRT)
The X-ray Telescope (XRT) was developed jointly by the National Aeronautics and Space
Administration (NASA) / Goddard Space Flight Center (GSFC), Nagoya University, and ISAS.
It has for the ﬁrst time enabled cosmic X-ray imaging studies above X-ray energies of a few keV
up to about 10 keV (Serlemitsos et al. 1995; Tsusaka et al. 1995).
Soft X-rays are totally reﬂected by metal when their incident angles measured from the
surface are shallower than a certain critical value, typically of order 1 degree or so (grazing-
incidence reﬂection). The ASCA XRT has the Wolter type-1 conﬁguration (Fig.3.3), which
employs paraboloid and hyperboloid surfaces as the primary and the secondary mirrors so as to
remove the ﬁrst order aberration. The two mirrors have a common focus and reﬂect X-rays in
series (double reﬂection). Since the critical angle for the total X-ray reﬂection decreases with
increasing X-ray energy, the ASCA XRT consists of 120 nested thin foil reﬂectors in order to
ensure a high reﬂectivity for harder X-rays. Figure 3.4 shows a comparison of eﬀective area
with previous X-ray missions. The major advantage of the ASCA XRT is its large eﬀective area
above a few keV. On the other hand, it is diﬃcult to shape a thin foil into a paraboloid or a
hyperboloid. Then a conical surface is instead used as its approximation although it reduces the





Figure 3.3: Walter type-1 X-ray reﬂecting telescope.
Figure 3.5 shows that the eﬀective area of the XRT for X-ray reﬂection strongly depends on
the direction of incident X-rays (vignetting). Due to a possible tilt of the XRT mounting onto
the satellite, and a positional displacement between an XRT and the corresponding detector,
diﬀerent vignetting functions must be given to diﬀerent detectors. Relationships between these
positions are measured by the instrument team for the XRT, the GIS, and the SIS. These
sets of information are very important for building the instrumental response, and the results
are compiled as a telescope deﬁnition ﬁle (teldef ﬁle) of each detector and form a part of the
calibration data base, which we will utilize in § 4.4.




















Figure 3.4: Eﬀective area of the
ASCA XRT compared with that of
ROSAT and Einstein (HEAO2; Gi-
acconi et al. 1979). The eﬀective area
of the ASCA XRT is a sum of four
XRTs’ for on-axis incident photons.
Table 3.1: Design parameters and performance of the ASCA XRT.
Mirror substrate Aluminum foil (127 µm)
Mirror surface Acrylic lacquer (10 µm) + Au (50 nm)
Mirror length 100 nm
Number of foils per quadrant 120 foils
Inner / outer diameter 120 mm / 345 mm
Focal length 3500 mm
Incident angle 0.24◦ – 0.70◦
Total weight of four XRTs ∼ 40 kg
Geometrical area 558 cm2 / telescope
Field of view ∼ 24′ (FWHM at 1 keV) / ∼ 16′ (FWHM at 7 keV)
Energy range <∼ 10 keV
Eﬀective area of four XRTs ∼ 1300 cm2 (1 keV) / ∼ 600 cm2 (7 keV)
Half power diameter ∼ 3′
Figure 3.6 shows 0.5–12 keV images of the Cygnus X-1 (Cyg X-1) observed at diﬀerent
positions in the detector coordinates. As it shows, the shape of the point-spread function (PSF)
of the XRT strongly depends on the incident angle and slightly depends on the energy of X-ray
photons. This property is regarded as the XRT+GIS positional response to a point sources.
Another characteristics of the ASCA XRT is the stray light. They are photons which origi-
nated from the outside of the ﬁeld of view (f.o.v.) and reached the detector through abnormal
paths as shown in Figure 3.7. The stray light is a signiﬁcant problem in the observations of
diﬀuse emission extending beyond the critical angle of the XRT, or when the target is near an
extremely bright X-ray source such as the Crab nebula, since the fraction of the stray-in photons
cannot be negligible. Observed stray light images from the Crab nebula are shown in Figure 3.8,
and which can be successfully reproduced by the ray-tracing program (Tsusaka et al. 1995). An
example of the simulated pattern is shown in Figure 3.9.
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φ=0˚φ=45˚ Figure 3.5: Eﬀective area of
the XRT against the incident
angle for several X-ray energies,
calculated by use of the XRT
ray-tracing simulation program
(Tsusaka et al. 1995). Two
azimuthal angles (φ = 0◦ and









































Figure 3.6: Images of Cyg X-1 taken by GIS2 in the 0.5 – 12 keV band as an example of the XRT PSF.
Oﬀset angles are 1.8′ (left), 8′ (center), and 17′ (right). Contour levels are every factor of 2, and origins
of the coordinates are the optical axis of GIS2.





Figure 3.7: Four examples of
the XRT light paths: (a) nor-
mal path, (b) reﬂection only by
primary mirrors, (c) reﬂection
only by secondary mirrors, (d)
multiple reﬂections by front and
back surface of mirrors.




Figure 3.8: Three examples of the Crab
stray light images taken by GIS3 in the
0.7–10 keV band, shifted and superposed
on the detector plane so as to reproduce
correct angular relations with respect to
the Crab nebula. The location of the Crab
is indicated with a ﬁlled circle, and the
optical axis for each observation is oﬀset
by 60′ from the Crab.
r=25mm
Figure 3.9: Ray-tracing image of the stray
light pattern at 1 keV for the oﬀset angle
θ = 60′ and the azimuthal angle φ = 225◦.
A ﬁlled circle shows a position of the opti-
cal axis. A superposed circle of r = 25 mm
on the image corresponds to the GIS f.o.v.
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3.3 Gas Imaging Spectrometer (GIS)
The Gas Imaging Spectrometer (GIS) was developed by the Univesity of Tokyo, Tokyo
Metropolitan University, Meisei Electric Co.Ltd., and Japan Radio Corporation Co.Ltd.
(Kohmura et al. 1993; Ohashi et al. 1996; Makishima et al. 1996). It is featured by a wide
ﬁeld of view, good timing resolution, low internal background level, and a moderate energy and
spatial resolutions. Design parameters and performances of the GIS are summarized in table 3.2.
The detection eﬃciency and energy resolution of the GIS is shown in Figure 3.10 as functions
of X-ray energy.
Table 3.2: Design parameters and performances of the GIS.
Energy Band 0.7–15 keV
Energy Resolution 8 % at 5.9 keV (FWHM) (∝ E−0.5)
Eﬀective Area 50 mm diameter
Entrance Window 10 µm beryllium
Absorption Material Xe (96 %) + He (4 %), 10 mm depth, 1.2 atm at 0◦C
Positional Resolution 0.5 mm (FWHM) (∝ E−0.5)










































Figure 3.10: Left panel shows transmission of the thermal shield in front of the XRT (thin solid line),
10.5 µm thick Be window transmission (dashed line), and total GIS quantum eﬃciency including thermal
shield, plasma shield in the GIS housing, and meshes (thick solid line). Right panel shows the energy
dependence of the energy resolution of the GIS (FWHM).
GIS consists of two detector assemblies (GIS-S), named GIS2 and GIS3, and the main elec-
tronics called GIS-E. GIS2 and GIS3 are almost identical except that there is a Radiation Belt
Monitor (RBM), a small PIN-diode particle monitor, attached to the bottom of GIS2. Both
GIS2 and GIS3 are coupled with two of the four XRTs, and measure pulse heights and positions
of X-rays reﬂected by the XRTs, photon-by-photon basis. The temporal changes of the gain is
continuously monitored in orbit in reference to the built-in 55Fe isotope attached at the edge
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of the ﬁeld of view. Figure 3.11 shows the structure of GIS2 sensor, and Figure 3.12 shows a

















Figure 3.11: The cross section of the GIS sensor.
The detector assembly consists of a gas cell, a position sensitive photo-multiplier (IPMT)
and front-end electronics. The gas cell is made of a ceramic cylinder with a beryllium entrance
window and a quartz exit window, ﬁlled with a mixture of 96 % xenon and 4 % helium of 1.2
atm at 0 ◦C. X-rays reﬂected by the XRT go through the entrance window, whose electric
potential is held at −6 kV, and are absorbed in the drift region in the gas cell. Through the
photo-ionization, electron clouds are created and slowly drift to the intermediate mesh (−5.3
kV) and then are accelerated due to the strong ﬁeld toward the ground mesh which is placed in
front of the quartz window. In this process, the electrons excite Xe and produce a large number
of UV photons of ∼ 170 nm wavelength. These UV photons are collected by the IPMT which
measures light distribution and the overall intensity of the UV ﬂux, which is proportional to the
X-ray energy.
Signals from two GIS detectors are processed by the GIS-E, whose main components are
ﬁne-gain adjustment, lower (LD) and upper (UD) discriminators, and pulse-height and rise-time
ADCs. The pulse-height and the rise time of the signals are converted into 12 bit number
of PH and 8 bit number of RT by the ADCs, respectively. The arrival times of the signals
are converted into 10 bit number of TIM . The 32 anode signals are treated by 4 ﬂash ADCs
incorporating analog multiplexer, and their pulse-heights are converted into 8 bit numbers of
X0–Xf and Y 0–Y f in reference to the dynode pulse-height. If the event satisﬁes the condition
that LD ≤ PH ≤ UD and RTLD ≤ RT ≤ RTUD, all of these data (PH, RT , TIM , X0–
Xf , Y 0–Y f) are sent to further data processing. The two-dimensional position of an X-ray
event, (X0–Xf , Y 0–Y f), is further converted into more precise data (RAWX, RAWY ) by the
on-board CPU (80C286). The standard calculation algorithm employs a linearized ﬁtting to
one-dimensional Lorentzian distribution (FLF).
Besides these primary information of the X-ray photon, so-called monitor counts, namely,
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photo electrons

























































Figure 3.12: Schematic view of the GIS sensor system.
processed event rates at various stage in the GIS-E, RBM event counts, and house keeping
information such as the temperature of sensors are also read out as the digitized signal. They are
periodically sent to the satellite telemetry and utilized to calibrate the gain variation, calculate
the dead time fraction, and estimate the background. Table 3.3 summarize the GIS monitor
counts.
Table 3.3: Summary of the GIS monitor counts.
Name Remark
LDHIT counts satisfying LD ≤ PH
L0 LD ≤ PH ≤ UD and RT ≤ RTLD
L1 LD ≤ PH ≤ UD and RTLD ≤ RT ≤ RTUD
L2 LD ≤ PH ≤ UD and RTUD ≤ RT
H0 UD ≤ PH and RT ≤ RTLD
H1 UD ≤ PH and RTLD ≤ RT ≤ RTUD
H2 UD ≤ PH and RTUD ≤ RT
CPUIN counts fed into on-board CPU
CPUOUT output counts from on-board CPU
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One of the notable properties with the GIS is its very low non X-ray background (NXB). It is
achieved with both hard-wired and software-based reduction techniques, utilizing the indicators
described above. For example, the PH upper discrimination excludes most of charged particle
events because of their large energy deposits within the gas cell. Normal events caused by X-ray
photons absorbed in the drift region result in a very narrow distribution of rise time peaked
around 3 µs, whereas charged particles and abnormal photons such as absorbed within the
scintillation region of the gas cell give shorter or longer rise times. Hence, the RT discrimination
(RTD), which is sensitive to the extent of electron cloud along the drift direction, provides an
eﬀective reduction of the NXB. Furthermore, the distribution of the UV light (SP ) gives a
good measure of the horizontal extent of the electron cloud and can distinguish the background
events caused by charged particles passing in parallel to the entrance window. This background
rejection is called SP discrimination (SPD).
In spite if these eﬀorts, there still remain events which are not caused by cosmic X-ray
photons. These are mainly due to radioactive isotopes within the structure of the detector
induced by the cosmic-ray particles. The spectrum of such events can be obtained from the
observation of the night earth. Figure 3.13 shows the spectrum from the night earth, namely
the NXB, together with those of the CXB and the sunlit earth. For the investigation of the
diﬀuse emission of the CXB, a precise study of the NXB is essential because the background

























Figure 3.13: Integrated spec-
tra of the day-earth (smooth
line), the CXB (crosses), and
the night-earth (ﬁlled circles)
observations. They were taken
by GIS2+3 over the whole de-
tector area (r< 25 mm), exclud-
ing the calibration source illu-
minations. Possible origin of
the line feature with the energy
in keV are given in the ﬁgure
(Ishisaki 1996).
Ishisaki (1996) has extensively studied of the properties of the NXB and successfully produced
an empirical model, called “H02-sorting method”. In this method, the screened night-earth
observation data are sorted according to the summed count rate of H0 and H2 monitor counts
(H02) in every 5 cts/s step, and their spectral and positional data are stored for each H02
slice. For a given observation, background spectra and image for the same accumulation time
are created according to its own H02 distribution based on the sorted NXB data combined with
the model background.
In Figure 3.14, we plot the typical internal background spectrum of the ASCA XRT+GIS
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system, compared with those of the CCDs on board Chandra and XMM-Newton. For the same
detector area or the covered solid angle in the sky, ASCA oﬀers remarkably lower background
than the other satellites by a factor of 5–10. This is a powerful point of ASCA, which works







































































Figure 3.14: Comparison of the NXB spectra among instruments of three satellites; ASCA
GIS, Cnandra ACIS-CCDs and XMM-Newton PN- and MOS-CCDs. Top panel shows the
NXB count rate per detection area, which are normalized by the corresponding sky as shown
in the bottom panel, where ASCA GIS data are collected within r < 20 mm from the optical
axis. These Chandra and XMM-Newton spectra are adopted from Katayama et al. (2002).
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3.4 Solid-state Imaging Spectrometer (SIS)
The Solid-state Imaging Spectrometer (SIS; Burke et al. 1991; Burke et al. 1994; Yamashita
et al. 1997) experiment is the ﬁrst X-ray detector in orbit that utilizes CCD (charge coupled
devices) in the photon counting mode. It was jointly developed by Massachusetts Institute of
Technology (MIT), Pennsylvania State University (PSU), ISAS, and Osaka University. The
SIS experiment consists of two detectors (SIS camera; SIS0 and SIS1), an analog electronics
unit (SIS-AE), and a digital processing unit (SIS-DE) which is combined with the satellite data
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Figure 3.15: The cross section of the SIS camera.
Each SIS detector is made up of four CCD chips, each of which has an area of 11 mm square,
developed in the MIT Lincoln laboratory, to achieve a 22 mm × 22 mm square area for X-ray
detection. The four CCD chips are aligned in square with narrow gaps less than ∼ 0.5 mm
and cover about 20′ × 20′ square region on the sky. Each chip has a depletion layer of about
40 µm thick which enables us to detect X-ray photons up to 10 keV. Design parameters and
performance of the SIS are summarized in table 3.4. Initial energy resolution measured in the
orbit is 2.7 % at 6 keV (Rasmussen et al. 1994).
In spite of the high spectral resolution, the SIS is rather inappropriate for the study of the
diﬀuse X-ray emission such as the CXB. It is because the SIS has a relatively narrow ﬁeld-of-
view and the low detection eﬃciency in the hard X-ray band as compared with the GIS. The
SIS has also experienced a secular degradation in its performance, such as increasing number
of ﬂickering pixels, due to accumulated radiation damage. This eﬀect can be serious for a faint
extended emission since position dependence of the SIS performance change is not well known.
In contrast, the GIS performance has remained nearly constant over the 7.5 yrs in the orbit,
and its slight variations have been accurately calibrated and closely traced. Furthermore, the
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Table 3.4: Design parameters and performances of the SIS.
X-ray Illumination Front-side illumination
Charge Transfer Method Frame transfer
Clock 3-phase drive
Number of Pixels in Image Region 420 pixels × 422 lines per chip
Pixel Size 27 µm
Detection Area ∼ 11× 11 mm2 per chip
Field of View ∼ 11 × 11 arcmin2 per chip
Thickness of Depletion Layer ∼ 40 µm
Optical Blocking Filter 100 nm Lexan ﬁlm coated with 40 nm aluminum
Driving Temperature ∼ −62 ◦C
Energy Band 0.4–12 keV
Quantum Eﬃciency ∼ 80 % at 5.9 keV
Energy Resolution 2 % at 5.9 keV (FWHM)
background characteristics of the GIS have been understood much better than those of the SIS.
In this thesis, we thus utilize only the GIS data.
Chapter 4
Observation and Analysis
In the present thesis, we carried out with a GIS instrument described in the previous chapter,
which can be appropriate for the CXB study. Our primary goal of the analysis was to determine
the parameters of the CXB which cannot be resolved into discrete sources with the GIS, namely,
the unresolved CXB. Due to the low surface brightness of the unresolved CXB, we had to take
into account several issues which does not matter very much in point-source studies. First of all,
the sample ﬁelds must be carefully selected in order to obtain reasonable constraints on the CXB
parameters. The second one is to minimize and precisely estimate the amount of fake signals
caused mainly by the charged particles, i.e., Non X-ray Background (NXB). The third one is to
eliminate resolved sources in the GIS f.o.v., because the most of the sample ﬁelds have the bias
that the observations were aimed for certain celestial targets. The last one is the instrumental
response for the unresolved CXB, which is diﬀerent from that for a point source.
4.1 Selection of the Fields
4.1.1 Selection from AMSS and LSS
Our sample ﬁelds were preliminary selected from the ﬁrst ASCA Medium-Sensitivity Survey
ﬁelds (AMSS; Ueda et al. 1999a; Ueda et al. 2001). It consisted of 368 combined ﬁelds observed
with GIS between 1993 May and 1996 December, and is constrained in the Galactic latitude as
|b| > 10◦. The sky coordinates of the AMSS ﬁelds are shown in Figure 4.1.
Figure 4.1: Distribution
of the 368 ﬁelds in the
AMSS in Galactic coordi-
nates (adopted from Ueda et
al. 2001). The plotting area
of each ﬁeld does not reﬂect
the actual size of the GIS ﬁeld
of view.
We also used the ﬁelds from the ASCA Large Sky Survey (LSS; Ueda et al.1998; Ueda et
27
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al. 1999b), which entirely covers about 7.2 deg2 sky with 76 GIS pointings, located around
(l, b) = (75.4◦, 83.2◦). The entire LSS ﬁeld is divided into four and labeled as a-LSS, b-LSS,
c-LSS, and d-LSS from south-west to north-east as shown in Figure 4.2. All of the pointings
constituting the LSS ﬁelds were observed between December 1993 and July 1995.
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Figure 4.2: Sky coordinates of the 4 LSS ﬁelds (adopted from Ishisaki 1996). Numbers after ‘lss’ are the
identiﬁcation of the 76 pointings.
As well as the 4 ﬁelds of LSS, several ﬁelds out of the 368 AMSS ﬁelds are composed of
multiple pointing observations; they were observed in several diﬀerent epochs, covering a larger
sky area than that of 0.40 deg2 from a single pointing.
4.1.2 Criterion of the Field Selection
Most of the AMSS ﬁelds were pointed to certain celestial targets and often contain too bright
X-ray sources to study the CXB. Since the Point Spread Function (PSF) of the ASCA XRT has


























Figure 4.3: Hatched histogram shows a
radial proﬁle of 8′ oﬀset Cyg X-1 image
taken by GIS2 in the 5–6 keV energy band.
The smooth solid line superposed on the
histogram shows the function corresponds
to equation (4.1).
We therefore selected ﬁelds based on the following criteria:
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1. Within a sample ﬁeld, total exposure time summed up over all pointings is longer than
∼ 20 ks, which corresponds to the minimum exposure of Jupiter ﬁeld in Ishisaki (1996).
2. Target source is obvious, e.g., the ﬁelds including nearby galaxies, star-forming regions, or
supernova remnants are marked in the original AMSS catalog (Ueda et al. 2001).
3. The mean count rate including the NXB and photons from the target source is lower than
0.3 cts s−1 per one GIS sensor in 0.7–10 keV, accumulated within a radius of 22 mm
( 22′) from the optical axis of each sensor. For multi-pointing observations, we accept
ﬁelds when at least one pointing fulﬁlls this condition.
4. The remained sky area after the source elimination, which we will describe in § 4.3, is more
than two thirds of the original sky area. Respective areas are represented as “Area 1” and
“Area 2” in table 4.1.
Including 4 LSS, 100 ﬁelds satisﬁed these conditions. Since the XRT allows some fraction of
photons from outside of the f.o.v. to pass through, due to the stray light (§ 3.2), it would be
a signiﬁcant problem in the CXB study with ASCA. It means we have risk to receive the un-
negligible contribution from bright sources existing near but out side of the GIS f.o.v., only with
the ﬁeld selections above.
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4.1.3 Stray Light
The contribution of the stray light can be estimated from the results of the calibration
observations of the Crab nebula performed in many times. Figure 4.4 shows the 0.7–10 keV
count rate, f(θ), of the Crab nebula pointed at various oﬀset angles, θ, from the optical axis of
each GIS sensor. The count rate in unit of counts per sec per one GIS sensor is well approximated






· · · (θ < 18′)
−51.6 (θ − 22) + 20 · · · (18′ ≤ θ < 22′)
20
1 + 0.5 exp[(θ − 60)/9] · · · (22
′ ≤ θ) .
. (4.2)
These equations show when the Crab nebula was placed at θ = 1◦ away, namely far outside of
the GIS f.o.v., its count rate was still larger than 10 cts s−1 sensor−1 in 0.7–10 keV. On the
other hand, the CXB gave only ∼ 0.1 cts s−1 sensor−1 in the same energy band. Therefore the
stray ﬂux needed to be carefully examined. From the results of Ishisaki (1996), the ﬁeld-to-ﬁeld
ﬂuctuation of the CXB is derived to be ∼ 3 % from the 13 ﬁelds, and we determined to suppress


















































Figure 4.4: 0.7–10 keV count rate of the Crab nebula observed with GIS at various oﬀset angles from the
optical axis of each GIS sensor. Events within a radius of 20 mm ( 20′) were accumulated, and the CXB
and the NXB counts were subtracted after being corrected for the dead time. The left panel is shown for
a wide range of oﬀset angles of up to ∼ 100 arcmin. The observed count rates for each sensor are plotted
in circles, as well as the expectations from the simulation plotted in crosses. The solid line represents an
interpolated function using analytical formulae, which is represented by equation (4.2). The right hand
panel is a close-up, when the Crab nebula is placed inside the GIS f.o.v.
For this reason, we ﬁrst consulted with the ROSAT All-Sky Survey Bright Source Catalog
(RASS-BSC; Voges et al. 1999), which lists sources brighter than 2.8 × 10−13 erg cm−2 s−1,
assuming a power-law photon index of Γ = 2 in the 0.1–2.4 keV energy band. However, the
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sensitive energy range of the ROSAT is limited to below ∼ 2 keV (see Figure 3.4) and sources
with hard spectra or strong absorption would contribute to the present sample. The HEAO1 A1
X-ray source catalog (Wood et al. 1984) was also used to follow up such cases. The HEAO1 A1
experiment is proportional counter arrays combined with collimators, and is sensitive enough
above 2 keV (see Figure 7 in Wood et al. 1984), instead, the positional error is large (∼ 1 deg).
The ﬂux limit of the cataloged sources is 4.78 × 10−12 erg cm−2 s−1 in the 2–10 keV band for
a Crab-like spectrum. Based on these two catalogs, the distance distribution of the cataloged























Figure 4.5: Fluxes of cataloged bright sources within 4◦ from the center of 100 pointed ﬁelds. The ﬁlled
and open circles correspond to the sources in the ROSAT all-sky survey bright source catalog (Voges et
al. 1999) and in the HEAO1 A1 X-ray source catalog (Wood et al. 1984), respectively. The dotted line is
used to discriminate the HEAO1 sources which have large positional errors (∼ deg), and the solid curve
is for the ROSAT sources, which is represented by the equation (4.3). Sources lying above these lines
and outside of the GIS f.o.v. (hatched region) can aﬀect the measured CXB ﬂux by more than 2.5 %; the
relevant ﬁelds were discarded from the analysis.
ﬁgure, source intensities are plotted as a function of its oﬀset angle. The solid curve indicates
a level where sources beyond it could contribute to the CXB intensity accumulated within the
whole GIS f.o.v. (r < 20 mm  20′) by more than 2.5 %, i.e., it can be expressed as










where the count rate of the CXB is estimated to be DCXB=0.112 cts s−1 sensor−1 from the entire
LSS ﬁeld, and the ﬂux of the Crab nebula in the 0.1–2.4 keV energy range, SCrab = 5.4×10−8 erg
cm−2 sr−1 is obtained from a separate spectral ﬁt, where energy range was chosen to match the
condition in the RASS-BSC. Using the ROSAT sources, we excluded 9 ﬁelds in which there were
sources above the line expressed with equation (4.3) and outside of the GIS f.o.v. (r > 20 mm
 20′). As for the HEAO1 sources, any ﬁelds were excluded if sources brighter than 1.0× 10−10
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erg cm−2 s−1 were present within r < 4◦. This is because of the large positional errors of the
HEAO1 sources. If such bright source is exists at r = 4◦, its contribution is suppressed to 10−9
level. We did not exclude ﬁelds if bright sources are inside of the f.o.v., i.e. in the hatched region
in Figure 4.5, since they would be eliminated in the source-elimination process (see § 4.3). One
ﬁeld was picked up by this HEAO1-source selection; however, it had already been marked by the
ROSAT-source selection. We therefore excluded 9 ﬁelds in total. One of the LSS ﬁelds (a-LSS)
was rejected here, due to the stray light from 1RXS J131621.4+290555 existing at θ = 1.3 deg,
whose intensity is 7.7× 10−10 erg cm−2 s−1 (0.1–2.4 keV).
After these ﬁeld selections, we ended up with 91 ﬁelds whose sky distribution is shown in
Figure 4.6 together with the original AMSS and LSS ﬁelds. Among them, 33 ﬁelds consist
of multi-pointing observations. The exposure time of the 91 (88) ﬁelds amounts to 4240.54
(3844.27) ks and the total covering sky extends 49.53 (42.77) deg2, where the numbers in paren-








Figure 4.6: Distribution of the 91 analyzed ﬁelds, shown with ﬁlled circles, in the Galactic coordinate.
The open circles are other AMSS ﬁelds and LSS ﬁelds. The plotted symbols do not indicate the actual
size of the observed ﬁeld.
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Table 4.1: The 91 ﬁelds analyzed in the present thesis.
∗Field †Field Number of ‡Observation §NH ‖l ‖b Exposure Area 1 ∗∗Area 2
ID name pointing(s) date (1020 cm−2) (deg) (deg) (ksec) (deg2) (deg2)
1 b-LSS 21 1994/01/05 1.1 73.86 83.85 130.2 2.32 1.86
2 c-LSS 20 1994/06/17 1.1 77.74 82.61 138.7 2.26 1.87
3 d-LSS 18 1995/01/07 1.1 80.38 81.40 127.4 2.18 1.58
4 DRACO 3 1993/06/04 4.2 102.28 33.92 57.0 0.70 0.66
5 JUPITER 1 1993/06/06 2.2 286.22 61.22 20.4 0.40 0.32
6 NEP FIELD 8 1993/06/09 4.2 96.38 29.90 118.5 0.58 0.47
7 QSF 3 4 1993/07/11 1.6 250.83 −51.99 60.2 0.43 0.37
8 ARP 220 1 1993/07/26 4.3 36.48 53.13 23.1 0.40 0.39
9 3C 368 1 1993/09/12 9.1 37.57 15.27 19.9 0.40 0.36
10 IRAS F10214+4724 3 1993/11/04 1.2 168.04 55.07 88.7 0.56 0.55
11 IRAS 09104 1 1993/11/12 1.0 180.98 43.66 34.5 0.40 0.27
12 MNVTEST 2 1993/11/29 1.8 323.86 −59.29 38.2 0.47 0.46
13 SN 1986J 2 1994/01/21 7.5 140.37 −17.53 81.3 0.41 0.28
14 AO 0235+164 5 1994/02/04 9.0 156.79 −39.22 42.4 0.41 0.29
15 NGC 1614 1 1994/02/16 6.1 204.53 −34.47 28.0 0.40 0.29
16 NGC 1667 1 1994/03/06 5.5 204.13 −30.21 31.0 0.40 0.33
17 4C 41.17 1 1994/03/23 10.4 174.71 17.39 24.2 0.40 0.28
18 NGC 3690 2 1994/04/16 0.9 141.89 55.38 30.5 0.54 0.46
19 K416 1 1994/05/22 1.8 97.07 62.49 24.4 0.40 0.35
20 NGC 4449 1 1994/05/25 1.4 137.20 72.38 37.8 0.40 0.33
21 PHL 5200 2 1994/06/21 5.2 59.13 −49.59 92.7 0.54 0.37
22 NGC 4418 1 1994/06/11 2.1 289.87 61.31 26.8 0.40 0.34
23 GSGP 4 4 1994/06/24 1.9 260.39 −88.46 110.5 1.37 1.21
24 DI PEG 1 1994/06/25 4.0 96.11 −43.64 24.3 0.40 0.31
25 PG 1404+226 1 1994/07/13 2.1 21.30 72.42 27.6 0.40 0.28
26 IRAS 15307+325 1 1994/07/22 2.0 51.95 54.92 30.1 0.40 0.39
27 Z SYSTEM 5 1994/08/09 2.2 209.43 −65.08 109.9 1.67 1.41
28 MG 2016+112 2 1994/10/24 15.5 53.88 −14.04 94.4 0.79 0.69
29 IRAS 20460+192 1 1994/10/27 11.2 64.55 −14.86 32.5 0.40 0.31
30 BLANK SKY 1 1994/11/10 13.4 89.02 14.51 23.6 0.40 0.35
31 EPSILON CMA 1 1994/11/16 14.8 239.85 −11.22 34.4 0.40 0.31
32 OJ 287 3 1994/11/18 3.0 206.80 35.86 88.5 0.55 0.41
33 RASS 1011+1736 1 1994/11/30 3.2 219.56 52.58 31.8 0.40 0.39
34 XY LEO 2 1994/12/02 3.3 217.77 49.85 19.0 0.40 0.31
35 Mrk 231 3 1994/12/05 1.3 122.03 60.27 117.1 0.83 0.73
36 NGC 7320 1 1994/12/07 7.9 93.18 −21.08 28.6 0.40 0.30
37 CN LEO 1 1994/12/16 2.9 244.08 56.23 44.7 0.40 0.30
38 Mrk 273 1 1994/12/27 1.1 107.95 59.61 29.8 0.40 0.30
39 NGC 5135 1 1995/01/22 4.6 311.87 32.50 35.6 0.40 0.28
40 Q1508+5714 2 1995/03/02 1.5 93.25 51.25 63.4 0.48 0.37
41 GB 930704 3 1995/03/17 5.2 151.34 23.89 25.0 1.18 0.84
42 NGC 4125 1 1995/04/05 1.8 130.21 51.27 24.8 0.40 0.30
43 TXFS 1011+144 1 1995/05/18 3.9 224.35 51.22 28.1 0.40 0.37
44 MS 1054.5-0321 1 1995/05/23 3.6 256.54 48.56 48.6 0.40 0.31
45 CL 2236-04 1 1995/05/31 4.0 63.00 −51.22 25.0 0.40 0.35
46 PG 1247+267 1 1995/06/17 0.9 273.35 89.22 26.1 0.40 0.32
47 NGC 4450 1 1995/06/20 2.4 273.70 78.54 25.6 0.40 0.33
48 QSO CLUSTER 3 1995/07/03 1.1 40.01 79.08 114.8 1.19 0.93
49 NGC 5084 1 1995/07/08 8.2 311.61 40.51 25.1 0.40 0.32
50 SA 68 2 1995/07/09 4.2 111.10 −46.22 47.2 0.59 0.56
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∗Field †Field Number of ‡Observation §NH ‖l ‖b Exposure Area 1 ∗∗Area 2
ID name pointing(s) date (1020 cm−2) (deg) (deg) (ksec) (deg2) (deg2)
51 Mrk 348 1 1995/08/04 5.8 122.28 −30.80 32.2 0.40 0.28
52 NGC 1332 1 1995/08/05 2.2 212.03 −54.30 44.4 0.40 0.36
53 PKS 0634-205 1 1995/10/09 22.3 229.89 −12.29 25.9 0.40 0.32
54 IRAS 20551-425 1 1995/10/19 3.9 358.50 −40.77 25.6 0.40 0.30
55 HS 1946+7658 1 1995/10/21 7.6 109.12 23.52 29.7 0.40 0.40
56 RGH 12 1 1995/10/29 1.5 190.96 47.33 34.9 0.40 0.34
57 UKMS 1 1 1995/11/12 0.8 156.69 49.55 41.0 0.40 0.32
58 F568-06 2 1995/11/16 2.0 217.50 59.50 38.8 0.40 0.29
59 NGC 7217 1 1995/11/19 10.5 86.40 −19.76 62.0 0.40 0.27
60 NGC 1672 1 1995/11/23 2.3 268.82 −38.88 27.3 0.40 0.27
61 BJS 855 1 1995/11/27 4.0 250.20 49.31 32.2 0.40 0.35
62 PG 1148+549 1 1995/12/07 1.2 140.39 60.39 27.4 0.40 0.31
63 IRAS 00317-2142 1 1995/12/11 1.6 86.77 −83.16 27.8 0.40 0.30
64 NGC 5005 1 1995/12/13 1.1 101.12 79.18 27.1 0.40 0.27
65 NGC 5018 1 1996/01/16 7.0 310.05 43.07 28.9 0.40 0.37
66 4C 38.41 4 1996/03/04 1.0 61.22 42.31 26.9 0.44 0.34
67 AR UMa 1 1996/04/27 1.8 167.63 64.89 40.0 0.40 0.36
68 PG 1114+445 1 1996/05/05 1.8 164.87 64.43 49.2 0.40 0.30
69 HE 1104-1805 1 1996/05/31 4.6 270.78 37.79 30.8 0.40 0.28
70 RX J1716.6+670 2 1996/06/09 3.7 97.63 34.05 54.7 0.40 0.31
71 B2 1308+326 2 1996/06/10 1.1 86.16 83.41 28.0 0.40 0.28
72 Q2345+007 2 1996/06/26 3.8 92.15 −58.00 54.4 0.40 0.34
73 IRAS 00235+102 1 1996/07/07 5.1 112.92 −51.58 31.6 0.40 0.35
74 NGC 612 1 1996/07/12 1.8 261.19 −77.05 58.8 0.40 0.35
75 CL 0024+17 1 1996/07/21 4.2 114.54 −45.20 34.6 0.40 0.29
76 NGC 315 1 1996/08/05 5.9 124.57 −32.39 26.6 0.40 0.33
77 MS 0302.7+1658 4 1996/08/18 10.9 162.86 −34.89 98.7 0.67 0.47
78 V 471 TAURI 1 1996/08/26 15.8 172.44 −27.83 36.3 0.40 0.28
79 RX J1802+1804 1 1996/09/30 8.5 44.00 18.82 50.0 0.40 0.35
80 A548 2 1996/10/10 1.9 229.79 −25.21 62.4 0.79 0.59
81 IRAS 19254-7245 1 1996/10/16 6.0 322.40 −28.70 24.8 0.40 0.33
82 IRAS 07598+6508 1 1996/10/29 4.3 151.10 32.14 31.5 0.40 0.31
83 HERC-1 2 1996/11/02 2.4 75.56 34.83 45.0 0.79 0.59
84 IRAS 08572+3915 1 1996/11/03 2.6 183.33 41.10 22.7 0.40 0.31
85 A851 3 1996/11/16 1.2 171.64 48.27 81.7 0.56 0.48
86 NGC 7130 1 1996/11/18 2.0 9.78 −50.32 26.0 0.40 0.35
87 10303+7401 1 1996/11/26 4.1 134.66 40.06 32.2 0.40 0.36
88 4C 06.41 2 1996/12/13 2.8 241.14 52.76 67.8 0.40 0.28
89 M96 1 1996/12/16 2.8 234.51 57.15 30.8 0.40 0.39
90 IC 2560 1 1996/12/19 6.5 269.48 19.12 27.2 0.40 0.37
91 PG 0043+039 2 1996/12/21 3.3 121.04 −58.05 51.1 0.80 0.75
∗ Field identiﬁcation number.
† Corresponding to the target name in the AMSS catalog (Ueda et al. 2001) except for the three LSS ﬁelds (Ishisaki 1996;
Ueda et al. 1998).
‡ For multi-pointing ﬁelds, the earliest observation date are listed.
§ Galactic hydrogen column density toward to the observed ﬁeld estimated from Dickey & Lockman (1990).
‖ Center of f.o.v. in the Galactic coordinates.
 Area before the source elimination (§ 4.3).
∗∗ Area after the source elimination (§ 4.3).
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4.2 Data Screening and NXB Subtraction
In order to extract the CXB spectra, we screened all of the GIS events detected in each
sample ﬁeld, ﬁrst employing the standard event selection criteria:
• the GIS should be in the nominal observation mode, i.e. the PH normal mode with the
nominal bit assignment, the spread discriminator (SPD) turned on;
• the spacecraft not in the South Atlantic Anomaly (SAA), which is a hole of the geomagnetic
ﬁeld in which more cosmic rays can penetrate compared with the other regions, where the
high-voltage supply of the GIS is switched oﬀ in order to avoid the increase of particle
events;
• the elevation of GIS f.o.v. should be ≥ 5◦ (or 25◦) above the night (or sunlit) Earth rim
in order to avoid the contamination from solar X-rays;
• the geomagnetic cut-oﬀ rigidity (COR) should be >∼ 6 GV, where COR is deﬁned as
the minimum momentum of charged particles that can penetrate against electro-magnetic
force due to terrestial magnetism.
We performed further event screening utilizing the GIS monitor counts (H0 + H2), Radiation
Belt Monitor count (RBM CONT ), and COR. These additional selections improved the repro-
ducibility of the NXB estimation, mainly by rejecting data aﬀected by sporadic increases in the
NXB count, which were due probably to the concentration of charged particles on the satellite
orbit.
4.2.1 Flare Event Cut
Time variation of the NXB is predominantly correlated with COR. Figure 4.7 shows the
correlation between COR and H02 counts during the night-earth observations, where we assume
that the night-side Earth emits no X-rays. The H02 counts is almost free from the signal X-rays
in the ﬁeld of view, even during on-source observations. Although COR is a good indicator of the
NXB, there exists a secondary branch below COR ∼ 10 GV on the COR vs. H02 correlation.
This is probably due to a slight inaccuracy of the COR-map. If we plot the satellite positions on
the Earth, those periods which fall on the secondary branch appear only at the north east region
of the map above the north Atlantic Ocean (dots in Figure 4.8). The H02 is a good indicator
of the NXB, however, there are two more issues known as “hard-ﬂares” and “soft-ﬂares”. We
can see the hard-ﬂares as a large scatter around COR ∼ 11–12 GV in Figure 4.7. If we plot the
satellite positions on the Earth, the hard-ﬂare period are concentrated in the region peripheral
to the SAA represented by the ﬁlled circles in Figure 4.8. These events can be eliminated by
rejecting time interval when H02 > 1.5 × f(COR) in Figure 4.7. The soft-ﬂare events appear
in two regions: the south west to SAA and above Hawaii (crosses in Figure 4.8). During the
soft-ﬂares, it is known that the NXB counts increase without an increase of H02. The soft-ﬂares
show harder proﬁle than the average spectrum for the entire night-earth observations. Although
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Figure 4.7: Correlation between COR and H02
counts during the night-earth observations. H02
is integrated for every 32 s. The dashed line is a
following function derived from ﬁtting.
f(x)=(109.3−17.05x+1.127x2−0.02627x3)/32.
Two solid lines below and above the dotted line are
f(x) scaled by 0.9 and 1.5 times, respectively. The
ﬂare-cut is not applied.
the soft-ﬂares can be eliminated by masking these regions, masking area is a little too large to
ignore a decrease of integration time. To cope with this, we use the RBM CNT , i.e. a counting
rate of the radiation belt monitor (RBM) to reject the soft-ﬂares. From these investigations, we
have arrived at the conditions to reject the hard- and soft-ﬂares as summarize in table 4.2. To
avoid high NXB periods, we usually restrict H02 in the range of 15–45 c/s, too. We call the



















Figure 4.8: Distribution map for three types of phenomena on the Earth surface. The mark “·” represents
a position when H02 is less than the lower solid line in the Figure 4.7, where the COR-map is thought
to be inaccurate. The mark “•” represents a position when H02 is greater than the upper solid line in
Figure 4.7 (the hard-ﬂares). The mark “+” represents a position when H02 is less than 1000 c/32 s =
31.25 c/s and NXB is larger than 15 c/32 s = 0.46875 c/s. Two regions surrounded by solid lines deﬁne
the dangerous areas where we should be cautious of the hard- and soft-ﬂares.
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Table 4.2: Summary of the ﬂare-cut conditions.
Condition Reason
15 c/s ≤ H02 ≤ 45 c/s to avoid high NXB
H02 ≤ 1.5× f(COR)† c/s for hard ﬂares
RBM CNT ≤ 300 c / 16 s = 18.75 c/s everywhere for soft ﬂares
RBM CNT ≤ 100 c / 16 s = 6.25 c/s in the dangerous areas (Figure 4.8) for soft ﬂares
† f(x) = 0.5× (109.3− 17.05x + 1.127x2 − 0.02627x3) c/ 16 s.
4.2.2 H02-Sorting Method
As seen in § 4.2.1, H02 can be a good indicator of the NXB. Thus we can use H02 to
predict the NXB variation. We sort the night-earth data which is applied the ﬂare-cut by H02
in every 5 c/s step, i.e. 15–20 c/s, 20–25 c/s, 25–30 c/s, etc. H02 is counted in the 16 s time
interval including the arrival time when the corresponding event is detected. Figure 4.9 shows
the residual night-earth spectra corresponding to ﬁve H02 intervals. As H02 increases, the
spectrum gets softer. We denote each exposure time TNTEi , and each spectrum H
NTE
i (PI),
both of which are counted or created on the same condition and in the same detector region as
the on-source observations. When TOBSi is the exposure time in the i-th H02 bin during the


































Figure 4.9: H02 sorted spectra dur-
ing the night-earth observations in the
0.6–7.0 keV energy band. The mark ’+’
represents the data when H02 is in the
range 50–80 c/s, ’◦’ 40–45 c/s, ’•’ 30–35
c/s, and ’×’ 20–25 c/s. H02 are inte-
grated for every 16 s. The ﬂare-cut is
applied.
4.2.3 Correction of the Long-Term Variability
There is also a long-term change of the NXB count rate as shown in the top panel of Fig-
ure 4.10. The count rate gradually increased for the ﬁrst four years after the launch and then
turned to decreasing, peaking at around 1997–1998. This long-term change was presumably
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caused by a gradual drop in the satellite altitude and the cycle of the solar activities with a
period of ∼ 11 yr. During the quiescent state of the solar activities, which is at the minimum
around 1996–1997, the atmosphere shrunk so that the density of charged particles increased.
Since the observation date of our sample ﬁelds ranged from 1993 June to 1996 December, there
could be about a ±10 % error in the NXB estimation unless the long-term trend were corrected.
We ﬁtted the trend by a fourth-order polynomial, which was used for the correction, i.e.,
scaling factor = 1.0
+1.8827480× 10−3 · (ascatime− 67)
−1.1167164× 10−5 · (ascatime− 67)2
+7.0335960× 10−8 · (ascatime− 67)3
−6.8090966× 10−10 · (ascatime− 67)4 (4.5)
where ascatime represents the time in Ms from 00:00:00 (UT) on 1993 January 1, and is calcu-
lated from the mean observation time. Middle panel of Figure 4.10 indicates a distribution of the
value of observed / predicted NXB ratio after the ﬂare-cut procedure, the H02-sorting method,
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Figure 4.10: Top panel: long-term
change of the observed NXB count rate
(cts s−1 sensor−1) in the 0.7–7 keV band
accumulated within 20 mm ( 20′) from
the optical axis of each GIS sensor. Each
data point was determined from every 10
ks exposure of the night Earth between
1993 June and 2000 May, and plotted as
a function of the mean ASCA time, which
is deﬁned as the elapsed time since 1993
January 1. Middle panel: observed NXB
count rate divided by the estimated one
using the H0 + H2 monitor count. The
long-term trend is ﬁtted by the fourth or-
der polynomial, which is indicated by the
solid line. Bottom panel: residuals of the
ﬁtting.
We estimated that the NXB had been reproduced by an accuracy of 3 % using the H0+H2
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monitor count and corrected for the long-term trend and the systematic uncertainty in the
NXB subtraction aﬀects the CXB intensity by at most 10 %, even at ∼ 7 keV where the NXB
dominates the CXB.
4.3 Source Elimination
The CXB intensity cannot be determined unless deﬁning a ﬂux range, like S < S0, which
assures that only sources fainter than S0 exist in the sample ﬁeld. Therefore, it is essentially
required to eliminate resolved sources from our sample on the source ﬂux basis. We employed
a certain ﬁxed value of S0  2.0 × 10−13 erg cm−2 s−1 (2–10 keV), and deﬁned that sources
brighter than S0 are resolved and that the remained X-ray emission is the unresolved CXB. This
procedure is also important in order to overcome the selection bias of the AMSS ﬁelds, that they
are originally intended to observe speciﬁc targets. Since the AMSS and the LSS catalogs are
constructed on the source signiﬁcance basis, some sources with low signiﬁcances but possible high
ﬂux or extended emission would be missed. Ishisaki (1996) developed a method for eliminating
sources by slightly modifying the source detection procedure. Throughout this paper, we call
his method as “source elimination”, and is described in the following subsections.
4.3.1 Point-Source Images
In this method, resolved sources were eliminated using the observed data, itself, in each
ﬁeld. We ﬁrst constructed a mosaic ﬂat-ﬁeld image MFLAT in the sky coordinates. This is a
probability map that is proportional to the intensity of resolved sources, after subtracting the
NXB and the unresolved CXB, and correcting for the telescope vignetting and the exposure of
each pointing. This image is useful to set a threshold in terms of the X-ray ﬂux. The MFLAT was
created in the 0.7–7 keV band since the NXB is dominant in the higher energy band. In order
to eliminate sources at the rim region eﬀectively, events within a radius of 22 mm ( 22′) from
the optical axis of each GIS sensor were accumulated, which is by 10 % larger than the radius
of 20 mm ( 20′) when we created an energy spectrum. A single MFLAT image was created
for each sample ﬁeld, by summing up all pointings for both GIS2 and GIS3 in the common sky
coordinates. Among them, the NXB image to be subtracted was generated for each pointing
and for each sensor, as described in § 4.2. With regard to the unresolved CXB image, we used
a template image for each GIS sensor, which was commonly applied to every ﬁelds and every
pointings. This template was made from a sunlit-Earth image in 1–3 keV integrated over two
years from 1993 June to 1995 June, because of its uniformness and extreme brightness. Since
its spectrum is much softer than the CXB, we corrected the radial brightness proﬁle for the
XRT vignetting utilizing a radial proﬁle of the superposed LSS image in 0.7–7 keV, in which
irregularities due to the discrete sources are suﬃciently smeared out. The normalization of the
template was determined to give 88 % intensity of the LSS ﬁeld. Although this is an empirical
factor, it is considered to be close to the unresolved fraction of the X-ray emission in the LSS
ﬁeld.
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After subtracting these two images, the observed image was cross-correlated with the PSF of
the XRT+GIS system. Since the shape of the PSF of the XRT strongly depends on the source
position on the detector, we calculated it by interpolating the Cyg X-1 images (Figure 3.6),
which were observed with various oﬀset angles and azimuthal angles within a radius of 17′ from
the optical axis (Takahashi et al. 1995; Ikebe et al. 1997). The vignetting of the XRT was also
corrected here. For each ﬁeld, this series of processes was made for each sensor (GIS2 and GIS3)
and each pointing (NP pointings), and afterwards all 2×NP images were summed up to build
a single mosaic image. Finally, correcting the exposure time considering the overlap of multiple
pointings, the MFLAT image was complete. The left panel of Figure 4.11 shows an example of
the MFLAT.
Figure 4.11: Left panel
shows an example of the
MFLAT image taken from
the NGC 612 ﬁeld (§ 4.3.1),
while right panel shows the
masks for the corresponding
point sources (§ 4.3.2).
4.3.2 Source-Masking
For thus-obtained MFLAT image, we settled on a certain threshold level which corresponded
to ∼ 2 × 10−13 erg cm−2 s−1 (0.7–7 keV), and searched for peaks above the threshold. This
ﬂux level was chosen because the sources were detected at a 5–10 σ signiﬁcance, depending on
the distance from the optical axis, for a typical exposure of 30–40 ks. If we assumed a power-
law spectrum of Γ  1.7, which is typical for the resolved sources, the threshold ﬂux did not
change very much (less than 10 %) when converted to the energy range of 2–10 keV. When a
peak was detected, a circular region was masked out from the data. The radius of the mask was
determined so that the remained surface brightness due to the tail of the PSF would become less
than 10 % of the unresolved CXB. As shown in Figure 4.12, we found that the CXB parameters
to be obtained from the spectral analysis cannot change in the levels of <∼ 10 %. The MFLAT
images and corresponding masks for 91 ﬁelds are shown in Appendix E. This calculation was
conducted using equation (4.1), and the typical mask diameters were 9′ and 14′ for ﬂuxes of
2× 10−13 erg cm−2 s−1 and 1× 10−12 erg cm−2 s−1, respectively. By omitting the masked sky
regions, we created an energy spectrum for the remained area by accumulating events in each
ﬁeld. Since the outermost region of the GIS f.o.v. is dominated by the NXB, we collected events
within a radius of 20 mm ( 20′) from the optical axis of each sensor.
There are 331 sources listed in the AMSS catalog in our 88 AMSS ﬁelds selected. As shown in
Figure 4.13, 90 % of those AMSS sources were eliminated in this process at a ﬂux level of 4×10−13






















Figure 4.12: The CXB parameters as a
function of the mask level for the entire
LSS ﬁeld. Top panel shows the sky cover-
age in the analysis and dashed line means
that without source elimination. Middle
and bottom panels show the ﬁtted ﬂux,
where F hardX and F
soft
X denote the 2–10
keV and 0.5–2 keV ﬂuxes in the double
power-law ﬁt (§ 5.2.2). Error bars corre-
spond to the 90 % conﬁdence level. Tri-
angles are the best ﬁt values without the
source elimination.
erg cm−2 s−1 in 0.7–7 keV. Some fraction of sources fainter than the threshold of ∼ 2 × 10−13
erg cm−2 s−1 (0.7–7 keV) are also eliminated because they happen to exist neighboring other
bright sources. For each ﬁeld, the resultant sky area after the source elimination is compared
with the original value in Figure 4.14. The sky coverage was thus reduced by about 20 % with
this elimination process.
The largest area is that of the b-LSS ﬁeld, and is 2.32 deg2 whereas the longest exposure is
that of c-LSS ﬁsld, and is 138.7 ks. According to the AMSS and the LSS catalogs, the brightest
source in the 91 ﬁelds is 1AXG J085449+2006 with 0.7–7 keV ﬂux of 5.89× 10−12 erg cm−2 s−1
in OJ 287 ﬁeld, or 1AXG J004847+3157 with 2–10 keV ﬂux of 7.58 × 10−12 erg cm−2 s−1 in
Mrk 348 ﬁeld, depending on the chosen energy band. Both the sources correspond to the target,
itself, i.e. OJ 287 or Mrk 348. Among the 88 AMSS ﬁelds, there are 184 (141) sources with their
0.7–7 (2–10) keV ﬂux brighter than 2× 10−13 erg cm−2 s−1 in each energy band in the AMSS
catalog. Note that 16 out of the total 214 GIS pointings were obtained after December 1996.
They belong to cataloged AMSS ﬁelds (see table B.1). In Figure 4.15, we show the distribution
of the sky coverage after the source elimination i.e. Area 2 (left), and the exposure (right).
4.4 Instrumental Response
For the extracted data, spectral analysis will be performed by comparing observed energy
spectra against various models convolved with detector response as will be seen in § 5, where
an accurate instrumental responses for the XRT+GIS system is required to quantify the CXB
spectrum. Here we formulate the response of the XRT+GIS system with some deﬁnition of the
coordinates and show the best estimation for the XRT+GIS responses.
4.4.1 Formulate of the ASCA Response
Let F (θ, φ,E) be the distribution of X-ray photons from a certain source at an oﬀset-angle
θ and an azimuthal angle φ on the sky, where E is an X-ray energy. On the contrary, let





























Figure 4.13: Distribution of the 331
AMSS sources in our analyzed ﬁelds
as a function of the 0.7–7 keV ﬂux. In
the top panel, the solid line shows all
of the AMSS sources in the 91 ﬁelds,
and the dash-dotted line indicates the
masked-out ones in the source elim-
ination. The bottom panel shows
the elimination ratio for the AMSS
sources.
Figure 4.14: Comparison of the sky
coverage before and after the source
elimination. The horizontal and verti-
cal axes correspond to the area before
(Area 1) and after (Area 2) the source
elimination, respectively. Three lines
which limit the data scattering are
also indicated, i.e. the solid line de-
notes the no source elimination, the
dashed line is from the fourth condi-
tion in § 4.1.2, and the dotted line


















→Area 1 = Area 2
D(DETX,DETY,PI) denote the observed distribution of the PI at position (DETX,DETY )
on the detector. Table 4.3 is a summery of these notations.







dx dy PGIS(E, x, y;DETX,DETY ) AGIS(E, x, y)
×
∫
dθ dφ PXRT (θ, φ,E;x, y) AXRT (θ, φ,E)
× AT.S.(E)
× F (θ, φ,E),
where (x, y) is the position on the entrance window of the GIS. This complicated integral































Figure 4.15: Distribution of the sky coverage after the source elimination (left) and the exposure (right)
among the 91 analyzed ﬁelds.
Table 4.3: Summary of the coordinates.
Notation Figure label Unit Comments
E Energy keV Energy of the incident X-ray
PI channel energy ch 500 ch = 5.8942 keV, starts from 0 ch
θ oﬀset angle arcmin oﬀset angle from the optical axis






1 mm = 4 ch = 0.9822′, centered the detector cen-






1 mm = 4 ch = 0.9822′, centered the optical axis.
Y-axis ﬂipped to the detector coordinate
transform, as a whole, is what is called the instrumental response. The meaning of each factor
constituting the response is summarized in table 4.4. In particular, we usually integrate the data




dDETX dDETY D(DETX,DETY,PI) (4.7)
The method of spectral ﬁtting is a procedure of ﬁnding a set of parameters for F (θ, φ,E) which
give the most similar model spectrum M(PI) to the observed PI spectrum.
If the target is a point source or has a uniform spectral shape, F (θ, φ,E) can be factorized as
F (θ, φ,E) = B(θ, φ)S(E), where B(θ, φ) is a surface brightness proﬁle and S(E) is the spectrum.
Then, equation (4.6) will be expressed as
M(PI) =
∫
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Table 4.4: Summary of factors constituting the response function.
Notation Description
AT.S.(E) transmission of the thermal shield
AXRT (θ, φ,E) eﬀective area of the XRT
PXRT (θ, φ,E;x, y) point spread function (PSF) of the XRT
AGIS(E, x, y) quantum eﬃciency of the GIS
PGIS(E, x, y;DETX,DETY ) point spread function (PSF) of the GIS
RGIS(E,PI) energy redistribution matrix for the GIS
× AT.S.(E)
∫
dx dy PGIS(E, x, y;DETX,DETY ) AGIS(E, x, y)
×
∫
dθ dφ PXRT (θ, φ,E;x, y) AXRT (θ, φ,E) B(θ, φ) (4.9)
where RGIS(E,PI) and AXRT+GIS(E) are an RMF (energy Redistribution Matrix File) and
an ARF (Auxiliary (or Ancillary) Response File) of the detector, respectively. The former
represents a distribution probability function of PI for a detected photon of energy E, while
latter corresponds to the eﬀective area of the telescope, transmission eﬃciency of the materials
before the detector, and detection eﬃciency of the detector. RMF for the GIS has been well
calibrated since the launch of the ASCA satellite (e.g. Fukazawa 1998), and is distributed as a
part of standard calibration database.
On the contrary, we need to construct a particular ARF for a largely extended source like
the CXB. Note that the superposition of point-source responses, often used in their analysis,
within the integration region is still insuﬃcient due to the stray light. Moreover, the responses
should be more or less diﬀerent among the 91 sample ﬁelds, since the masking patterns of the
source elimination are diﬀerent from ﬁeld to ﬁeld (Appendix E).
4.4.2 SimARF
In order to include these conditions in the response, we performed ray-tracing simulations
for all 91 ﬁelds using the SimARF code (Ishisaki 1996; Honda et al. 1996; Shibata et al. 2001),
which calculates the photon detection eﬃciency of the XRT+GIS system at each energy and
generates an ARF. In those simulations, we assumed a ﬂat surface brightness which extends far
beyond the GIS f.o.v., up to 2◦.5 from the optical axis of each sensor. This assumption is good
enough at least as a ﬁrst approximation, for the unresolved CXB after the source elimination.
However, it leaves some room for considering that we can eliminate the resolved sources in the
f.o.v., while we cannot do so for sources outside the f.o.v., from which some fraction of photons
appear as the stray light. We deal with this eﬀect in § 6.4.
Though a nuisance, the stray light was reproduced suﬃciently well by a ray-tracing code
(Tsusaka et al. 1995), which we calibrated against large oﬀset observations of the Crab neb-
ula up to ∼ 100′, as shown in Figure 4.4. The major origin of the stray light was due to the
X-rays to come through abnormal paths seen in Figure 3.7 which were fully taken into ac-
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count in the ray-tracing simulation. The stray-light estimation is considered to be accurate to
within ±10% of the CXB intensity, with only a mild energy dependence. We have conﬁrmed
that the SimARF generates an identical ARF for a point source in the f.o.v. with that made
by popular ascaarf v2.81 in combination with the standard calibration database ﬁles, namely,
gis2/3 ano on flf 180295.fits (telescope deﬁnition ﬁle), xrt ea v2 0.fits (eﬀective area
ﬁle), and xrt psf v2 0.fits (PSF ﬁle).
4.4.3 ARF Filter
A so-called ARF filter was also applied to our SimARF ARF, which normalized the observed
ﬂux of the Crab nebula with XRT+GIS to the previously reported level and suppressed small
residual structures in the spectral ﬁtting. With the ARF ﬁlter, the Crab spectrum can be
expressed by an absorbed power-law model with Galactic absorption of NH = 2.90 × 1021
cm−2, a photon index of Γ = 2.09, and 2–10 keV ﬂux of 2.16 × 10−8 erg cm−2 s−1 (absorption
not corrected). The ARF ﬁlter was applied by default for the ascaarf ARF with the “arﬃl”
parameter; the details are described in Fukazawa et al. (1997). As for the RMF, the released
version of gis2/3v4 0.rmf were used. Spectral ﬁts were performed with XSPEC v10.00 (Arnaud
1996), which is commonly used for the X-ray astronomy in the world.
4.5 Systematic Errors
The constituents of the observed GIS events in each ﬁeld can be classiﬁed into the following
four components: (1) the unresolved CXB originating in the f.o.v., (2) X-rays from outside of
the f.o.v. (stray light), (3) the resolved sources to be eliminated, and (4) the NXB. As an
example, we plotted each spectrum for the whole LSS ﬁeld (including a-LSS) in Figure 4.16.
In this ﬁgure, the spectra of (d) − (e), (e), (f), and (b) correspond to those classiﬁcations,
respectively. The LSS ﬁeld is suitable for this purpose because of its large sky coverage and the
unbiased ﬁeld selection. The brightest source in the LSS is AX J131822+3347 with 2–10 keV
ﬂux of 1.3×10−12 erg cm−2 s−1. The count rate of each component in the 0.7–7 (2–10) keV band
is 0.055 (0.033), 0.052 (0.022), 0.011 (0.005), and 0.045 (0.047) cts s−1 sensor−1, respectively.
Since there is a comparable fraction of the stray light or the NXB to the unresolved CXB,
accuracy of their estimation, as well as the statistics, determines the errors of the resultant
CXB parameters.
As mentioned in § 4.2.3, the reproducibility of the NXB is considered to be 3 %, which must
be carefully dealt with in comparing the CXB parameters from ﬁeld to ﬁeld. On the other
hand, the estimation error of the stray light mainly acts as if the eﬀective area of the XRT is
over- or under-estimated in common among the sample ﬁelds ; hence it does not matter severely
in a ﬁeld-to-ﬁeld comparison. As mentioned in § 4.4.2, because the stray-light estimation is
considered to be accurate to within ±10% of the CXB intensity, one should only pay attention
to comparing our results on the absolute CXB intensity with those of other satellites.
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(a) all events
(b) estimated NXB
(c) with NXB subtraction = (a) - (b)
(d) with source elimination
(e) simulated stray light component
(f) resolved sources = (c) - (d)
Figure 4.16: Comparison of the spectral components for the LSS ﬁeld when accumulated within a radius
of 20 mm ( 20′) from the optical axis of each GIS sensor. The spectra of all the pointings and both
GIS sensors are summed up. From upper to lower (at 8 keV), each spectrum represents: (a) all events
obtained in the LSS ﬁeld after the data screening described in § 4.2; (b) the NXB spectrum estimated in
the way as described in § 4.2; (c) the LSS spectrum after the NXB subtraction, i.e. (a)− (b); (d) the LSS
spectrum after the source elimination described in § 4.3, in which the reduced fraction of 85.3 % for the
sky coverage is corrected; (e) the simulated component of the stray light which comes from the outside
of the accumulation radius of 20 mm ( 20′) from the respective optical axes; (f) the summed spectrum
of the resolved sources, i.e. (c)− (d).
Chapter 5
Spectral Results
In this chapter, we examine the 91 energy spectra obtained from the corresponding ﬁelds selected
in the previous chapter, and search for a suitable model in order to compare the variation in the
CXB parameters from ﬁeld to ﬁeld. We also investigate the 4.2 Ms CXB spectrum integrated
over the 91 ﬁelds, which gives us the information of line contribution in the CXB.
5.1 Galactic Absorption of the CXB
Since the CXB has an extragalactic origin, it must be absorbed by neutral interstellar matters
in the Galaxy, and their contributions to the CXB should be taken in the spectral models. In
Figure 5.1, we show the distribution of column density of atomic hydrogen (HI) derived from
radio surveys by Dickey & Lockman (1990)1. It reveals a clear concentration of HI along the
Galactic plane, which reﬂects their small thermal energy. The column density exceeds 1023 cm−2
at the maximum, and smoothly decreases away from the Galactic plane. For the present 91
ﬁelds, Figure 5.2 shows the Galactic distribution of the absorption column density. The trend
mentioned above is still seen and NH values range from 0.8 × 1020 cm−2 for UKMS 1 ﬁeld at







Figure 5.1: Column density of the neutral atomic hydrogen obtained from radio surveys of the 21-cm
transition of hydrogen, adopted from Dickey & Lockman (1990).
1 h1 nh.fits file included in the HEASOFT package
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Figure 5.2: Absorption column density for the 91 ﬁelds, plotted against the Galactic longitude (left) and
the Galactic latitude (right). In each panel, NH values approximately trace the colors in Figure 5.1.
5.2 Individual Fields
5.2.1 Single Power-law Fit
In the ﬁrst place, all the 91 spectra were ﬁtted with a single power-law model with the
Galactic absorption. Free parameters are the photon index Γ and the ﬂux FX in a certain
energy range. Two examples of the spectra are shown in Figure 5.3. When we tried to ﬁt the
entire energy band (0.7–10 keV), there remained a signiﬁcant excess below ∼ 2 keV in most of
the 91 ﬁelds. We changed the low energy boundary to 2 keV, and found that the reduced χ2
values showed a progressive improvement as the low energy region was gradually cut out up to
∼ 1.6 keV in the spectral ﬁt (right panel of Figure 5.4). As for the power-law photon index Γ ,
its average dropped from ∼ 1.5 to ∼ 1.4 as shown in the left panel of Figure 5.4. These results
are listed in table A.1–A.6 in Appendix A.
Limiting the ﬁtted energy range to 2–10 keV, an average of Γ = 1.400 ± 0.008 (1σ error)
with a standard deviation of 0.054 was obtained for the 91 sample ﬁelds. This Γ value agrees
well with the previous results from ASCA (Gendreau et al. 1995, Miyaji et al. 1998) and from
non-imaging measurements, such as HEAO1 A2 (Marshall et al. 1980) reviewed in Chapter 2.
The existence of a soft excess in the spectrum below ∼ 1 keV has also been noticed in several
studies. Examples are from BBXRT2 (Jahoda et al. 1992), ROSAT (Hasinger 1992), and ASCA
(Gendreau et al. 1995). The present analysis shows that the excess component is clearly seen in
most of the 91 ﬁelds in the energy range below 2 keV. Such a wide-spread detection of spectral
data and the intensity variation of the soft component is a newly found feature. The variation
amplitude of the soft component is estimated to be roughly 1× 10−8 erg cm−2 s−1 sr−1. This is
a factor-of-three higher than the level which can be accounted for by the change of the Galactic
NH between the maximum and the minimum. To ﬁt the 0.7–10 keV CXB spectra in a consistent
way, we need an additional spectral model for the soft component. For this, we have tried (1)
power-law and (2) thermal MEKAL models.
2 Broad Band X-Ray Telescope; Serlemitsos et al. (1984).
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Figure 5.3: Two examples of the energy spectra after the point source elimination observed in (a)
IRAS 00235+102 ﬁeld and (b) IRAS 19254−7245 ﬁeld, ﬁtted with single power-law models. In each
panel, the upper diagram shows the data (crosses) and model (solid line), and the lower diagram
indicates the ratio of the data to the model. Spectral ﬁts were performed in the 2–10 keV energy
range.
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Figure 5.4: Distribution of the photon indices Γ (left column) and the reduced χ2 (right column) for the
single power-law ﬁts. The lowest energy used are shown in each panel, while the highest one is ﬁxed to
10 keV.
5.2.2 Double Power-law Fit
From the ﬁttings with the double power-law model, two photon indices Γ soft and Γ hard should
be obtained. If we performed the ﬁt with both Γ soft and Γ hard free, the data were unable to
simultaneously constrain the two spectral slopes in some ﬁelds. In fact, some of the ﬁt showed
rather small slopes for the hard component, which seriously conﬂicts with the established value
of Γ hard  1.4, e.g., the JUPITER ﬁeld showed Γ hard = −0.50+1.66−2.50 with Γ soft = 1.83+1.00−0.21. We
therefore ﬁxed the slope of the hard component at 1.4. The ﬁt for the 91 spectra then gave
an average power-law photon index for the soft component, Γ soft = 5.76 ± 0.04 (1σ) with a
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standard deviation of 0.33. Spectral examples are shown in Figure 5.5, indicating a signiﬁcant
improvement in the ﬁt for the IRAS 19245−7245 ﬁeld. In fact, the χ2 values suggest the ﬁts are
improved in 88 out of the 91 ﬁelds by 90% conﬁdence level. Results are listed in table A.7.
Figure 5.5: Two examples of the energy spectra after the point source elimination taken in (a)
IRAS 00235+102 ﬁeld and (b) IRAS 19254−7245 ﬁeld, with double power-law models. In each
panel, the upper diagram shows the data (crosses), the best ﬁt model (solid line), the soft power-law
component (dot-dashed line) and the hard power-law component (dashed line). The lower diagram
indicates residuals. Spectral ﬁts were performed in 0.7–10 keV energy range.
Ishisaki (1996) analyzed 0.6–10 keV data from the entire LSS ﬁeld and obtained a consistent
value of Γ soft = 6.41± 0.76 with ours. These slopes of Γ soft ∼ 6, however, indicates a steep rise
in the softer energy band, and would imply a very strong emission in the soft band unless some
low-energy cut oﬀ is present. We analyzed in the same way the Lockman Hole ﬁeld, which has
been extensively studied from other satellites, and found that it also yielded a rather steep value
of Γ soft  6 as shown in Figure 5.6 and table 5.1. They are steep compared to Γ ∼ 2.1 obtained
from ROSAT PSPC (Hasinger 1992). This behavior may have resulted from a single power-law
modeling of the soft component.
5.2.3 Thermal MEKAL Model plus Power-law Fit
As for the origin of the soft excess seen below ∼ 1.6 keV, two possibilities are implied from
ROSAT observations (Kerp 1994). One component is probably associated with the Galactic
halo, and the other with the Local Hot Bubble (LHB). In Miyaji et al. (1998), using both the
ROSAT PSPC and the ASCA GIS+SIS data, these components were ﬁtted with two thermal
models, and each plasma temperature was derived to be ∼ 0.14 keV and ∼ 0.07 keV, respectively.
However, it is hard for the ASCAGIS to constrain these components separately, due to its limited
sensitivity at the low-energy band. We therefore applied one thermal MEKAL model (Liedahl et
al. 1995) for these soft thermal components. Following the ﬁt with the double power-law model,
we again ﬁxed Γ hard at 1.4, NH at the Galactic values. The additional parameters, the metal
abundance and the redshift are ﬁxed to 1 solar and 0, respectively. The average temperature kT
of the thermal component was obtained to be 0.39 ± 0.03 keV (1σ) with a standard deviation
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Table 5.1: Fitting results for the Lockman Hole ﬁeld with the double power-
law ﬁt. The net exposure is 199.5 ks and the integrated area is 0.50 (0.57)
deg2 with (without) source elimination. Absorption is ﬁxed to the Galactic
value (NH = 0.56× 1020 cm−2). Errors are 90 % conﬁdence levels.
Source Elimination yes no
Γ hard 1.4 (ﬁx) 1.4 (ﬁx)
Γ soft 5.98+0.68−0.61 6.14
+0.87
−0.77
∗F hardX (erg cm
−2 s−1 sr−1 ) 5.59+0.09−0.10 ×10−8 7.19+0.08−0.09×10−8
†F softX (erg cm
−2 s−1 sr−1 ) 2.17+0.64−0.46×10−8 1.69+0.66−0.44×10−8
χ2/d.o.f. 76.1/65 74.4/65
∗ Flux of the hard power-law component in the 2–10 keV band.
† Flux of the soft power-law component in the 0.5–2 keV band.
Figure 5.6: Energy spectra from the Lockman Hole ﬁled with double power-law models. Left and
right panel correspond to the spectra with and without source elimination, respectively. In each
panel, the upper diagram shows the data (crosses), the best ﬁt model (solid line), the soft power-law
component (dot-dashed line) and the hard power-law component (dashed line). The lower diagram
indicates the residuals. Spectral ﬁts were performed in 0.7–10 keV energy range.
of 0.26 keV. Two examples of the spectral ﬁts are shown in Figure 5.7.
We then ﬁxed the plasma temperature, kT , at several values of between 0.14 and 0.7 keV. The
former value has been indicated by many previous measurements; recent examples are Miyaji
et al. (1998) mentioned above, and ROSAT/PSPC+rocket CCD experiments (Mendenhall &
Burrows 2001). The latter value is reported by BeppoSAX/LECS (Parmar et al. 1999), although
they say that such a high temperature was caused by an inadequate modeling. As can be seen
in the distribution of reduced χ2 in Figure 5.8, the temperature range for the soft thermal
component is not well constrained, mainly due to the limitation in the low-energy sensitivity
of GIS. In order to examine the ﬁeld-to-ﬁeld ﬂuctuation, we used a common kT ﬁxed at the
average value, 0.4 keV. The results of the spectral ﬁts are listed in table A.8.
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Figure 5.7: Two examples of the energy spectra after the point source elimination taken in (a)
IRAS 00235+102 ﬁeld and (b) IRAS 19254−7245 ﬁeld, with thermal plus power-law ﬁt. In each
panel, the upper diagram shows the data (crosses), the best ﬁt model (solid line), the soft thermal
component (dot-dashed line) and the hard power-law component (dashed line). The lower diagram
indicates the residuals. Spectral ﬁts were performed in 0.7–10 keV energy range.
5.3 Integrated Spectrum
In order to look into the ﬁne spectral features, the 4.2 Ms integrated spectrum was con-
structed from all the 91 ﬁelds, which corresponds to 40 deg2 sky after the source elimination,
and gives us the best database.
5.3.1 Power-law Fit
The spectrum is shown in Figure 5.9. In the spectral ﬁt, the Galactic absorption, NH, was
ﬁxed at 4.0× 1020 cm−2, which is the average value weighted by the exposure time. The ﬁtting
results for the integrated spectrum are listed in table 5.2, as well as those for the whole LSS
ﬁeld (including a-LSS), which is a good example of the so-called blank sky. The average Γ hard
was obtained to be 1.411± 0.007 (90 % conﬁdence level). The χ2 value was 175 for 65 degrees
of freedom.
The residuals suggest some systematic feature above 8 keV, characterized by an intensity
drop of ∼ 30 %. However, the systematic error of the NXB intensity is ∼ 3 %, as mentioned
earlier, and the panels in Figure 5.9 show that the residuals are very much reduced when the
NXB level is varied by −3 %. The cutoﬀ feature is, therefore, not signiﬁcant considering the
error of the NXB level. The night-earth spectrum in Figure 3.13 shows a Cu-K line around 8
keV, which is from the window support grids of GIS. However, this line is clearly subtracted in
the integrated spectra. The edge-like feature around 4.7 keV corresponds to the L-edge energy
of xenon, which is the detector gas of GIS. In summary, we should say conservatively that
the present GIS data do not indicate any signiﬁcant deviation of the CXB spectrum from the
nominal power-law spectrum in the energy range above 2 keV.
In order to check the contribution of bright sources in the GIS f.o.v., the integrated spectrum
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Figure 5.8: Distribution of the reduced χ2 for the spectral ﬁts with three diﬀerent models of the soft
component. The plasma temperatures of the soft thermal component are indicated in each panel.
without source elimination was ﬁtted similarly. These results are also shown in table 5.2. The
photon index, Γ hard, shows no signiﬁcant change by applying the source elimination, while
F hardX is signiﬁcantly aﬀected by ∼ 13 % for the sample ﬁelds. This fraction is ∼ 9% for the LSS,
smaller than the former. This is because the AMSS ﬁelds contain brighter sources, which are
often the targets themselves, than the LSS. Since the intensities of the two samples the source
elimination agree well with each other, we can safely state that the source elimination worked
properly.
5.3.2 Bremsstrahlung Fit
We examined a thermal bremsstrahlung model in the hard band for the integrated CXB
spectrum. The ﬁts were worse (χ2=300–360) than the power-law ﬁt applied above, and the
plasma temperature kT hard was derived to be ∼ 20–30 keV, when NXB level was changed
between −3 % and +3 %. The temperature is lower than the HEAO1 A2 result, kT hard  40
keV (Marshall et al. 1980; Figure 2.1), probably because the GIS data do not cover the hard
X-ray range above 10 keV. In Figure 5.10, energy spectra were shown.
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Table 5.2: Fitting results for the integrated spectrum in the 91 sample ﬁelds and the whole LSS ﬁeld
(including a-LSS).
NXB Γ F hardX (2–10 keV) F
soft
X (0.5–2 keV) χ
2/d.o.f.
(%) (10 −8 erg cm−2 s−1 sr−1) (10 −8 erg cm−2 s−1 sr−1)
Integrated spectrum with source elimination


















−3 1.386+0.006−0.007 (1.4 ﬁx) 6.11+0.04−0.04 (6.04+0.02−0.02) 0.57+0.02−0.02 (0.54+0.02−0.01) 199/65 (211/66)
Integrated spectrum without source elimination


















−3 1.385+0.006−0.006 (1.4 ﬁx) 6.99+0.03−0.03 (6.91+0.02−0.02) 0.68+0.02−0.02 (0.66+0.01−0.01) 286/65 (306/66)
LSS spectrum with source elimination


















−3 1.392+0.016−0.017 (1.4 ﬁx) 5.88+0.08−0.08 (5.85+0.04−0.04) 0.40+0.05−0.04 (0.39+0.04−0.04) 78/65 (78/66)
LSS spectrum without source elimination


















−3 1.417+0.015−0.014 (1.4 ﬁx) 6.35+0.08−0.08 (6.43+0.04−0.04) 0.50+0.05−0.04 (0.53+0.04−0.03) 75/65 (80/66)
Note. Values in parentheses are results when Γ hard is ﬁxed to 1.4. Errors are 90% conﬁdence levels. Systematic errors are
also examined by changing the NXB levels.
F F
Figure 5.9: Integrated pulse-height spectrum of the CXB for an exposure time of 4.2 Ms and a
sky coverage of 40 deg2. Each panel shows the data ﬁtted with a 2-component model (thermal and
power-law models), the residual in unit of σ, and the data to model ratio. The left panel is for the
nominal NXB subtraction, and the right one uses 3 % reduced NXB. The ﬁtted parameters are
indicated in each panel.
5.4 Correlations between Spectral Parameters
The correlations between the spectral parameters obtained in § 5.2.3 are shown in Figures
5.11 and 5.12. There seems to be some correlation between F softX and F
hard
X with a large relative




X does not show a negative correlation
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Table 5.3: Fitting results for the integrated spectrum with bremsstrahlung model.
NXB kT hard F hardX (2–10 keV) F
soft
X (0.5–2 keV) χ
2/d.o.f.
(%) (keV) (10 −8 erg cm−2 s−1 sr−1) (10 −8 erg cm−2 s−1 sr−1)











−3 30.5+1.53−1.43 5.96+0.05−0.05 0.61+0.02−0.01 364/65
Figure 5.10: Same as Figure 5.9, but the model spectrum consists of a thermal and a bremsstrahlung.
with NH, which has been observed in very soft X-rays (e.g. Tanaka et al. 1977). On the other
hand, a clear anti-correlation is seen between Γ hard and F hardX . The spectral ﬁt for individual
ﬁeld indicates a systematic correlation between the parameters, as shown in the right panel of
Figure 5.12, in the sense that Γ hard becomes smaller for a higher F hardX . However, the total range
of the scatter is larger than the statistical error. We, therefore, conclude there is a systematic
tendency between F hardX and Γ
hard. This correlation suggests that sources contributing to the
ﬂuctuation of the CXB at a level of 10−13 erg cm−2 s−1 have relatively hard spectra.
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Figure 5.11: The left panel shows correlation between F hardX and F
soft
X , with the distribution histogram
of F hardX plotted in the top panel. The dashed line indicates the best-ﬁt linear relation. The right panel
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Figure 5.12: The left panel shows correlation between F hardX and Γ
hard, and the right panel shows
examples of conﬁdence contours for several ﬁelds. The error bars represent 90% errors for a single
parameter (∆χ2 = 2.70). The contours correspond to ∆χ2 of 2.3, 4.6, and 9.2.
Chapter 6
CXB Intensity and Fluctuations
Since the present data after point-source elimination form an unbiased sky survey, they are
useful for looking into the all-sky distribution of the CXB intensity with good sensitivity. In this
chapter, we examine the large-scale distribution of both the hard band extragalatic component
and the soft excess component. We also estimate the Galactic contribution to our sample
and constrain the logN–logS relation, utilizing the observed ﬂuctuation shown in the previous
chapter. We derive the absolute intensity of the CXB, which combines with the recent results
of Chandra and XMM-Newton and must provide the best estimation for the source contribution
to the CXB. In the last, we try to explain the observed spectral ﬂuctuation by assuming the
intrinsic spectral distribution.
6.1 Distribution in Our Galaxy
We ﬁrst consider the spatial distribution of the soft and hard components in our Galaxy.
The spectrum in each ﬁeld was sorted with the Galactic latitude, b, and the longitude, l, and
summed up in each cell. The spatial distributions are shown in Figure 6.1. In this plot, the
data were binned into 10◦ steps in b and 30◦ steps in l, respectively. In plotting the distribution
along l, an additional condition of |b| < 60◦ was also applied. The NH values were averaged over
the respective angular cells. The instrumental responses were also summed within each cell.
The soft component shows a nearly symmetric distribution around a peak at the Galactic
Center. This feature clearly indicates that the soft component is a Galactic emission, and is
likely to extend further into the low-energy range. To examine this, we compared the soft-
component intensity with the RASS intensity, as shown in Figure 6.2. The correlation with the
ROSAT- 3/4 keV + 1.5 keV map (Snowden et al. 1995, Snowden et al. 1997) is generally good,
suggesting that these enhancements are associated with the Galactic bulge and the North Polar
Spur. We also looked into some speciﬁc ﬁelds characterized by strong soft components. For
example, in the IRAS 19254−7245 ﬁeld, the RASS data also indicate a relatively strong ﬂux as
shown in Figure 6.3. This supports the above view that the soft component has its origin within
our Galaxy.
In order to compare our results with previous studies, we ﬁtted the observed (l, b) proﬁles of
F hardX and F
soft
X with a ﬁnite radius disk model, which successfully modeled the 2–60 keV and
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Figure 6.1: Distribution of the spectral parameters in the Galaxy based on the ﬁts of spatially sorted
pulse-height spectra. Left (a) and right (b) panels are for the galactic longitude (l) and latitude (b), re-
spectively. The four rows from top to bottom show Γ hard, F hardX , F
soft
X , and number of ﬁelds, respectively.
The error bars correspond to the 90 % conﬁdent levels.
2–18 keV distributions observed with HEAO 1 A-2 (Iwan et al. 1982) or Ariel V SSI (Warwick
et al. 1980), respectively. In this model, there is no Galactic X-ray emission outside of a disk of
radius Rd, and the emission within Rd has an exponential dependence on the vertical distance
above the plane characterized by a scale height parameter, h. The total X-ray intensity, Itot(l, b),
is given by











in which x = cos l+
√
(Rd/Rg)2 − sin2 l, where I0 is the average isotropic extragalactic emission
assumed in this model, E is the normalization constant for the Galactic emission, and Rg is the
distance to the Galactic Center. When we ﬁt the observed distribution with this model, addi-




X , respectively, in order
to adjust the reduced χ2 unity. This procedure is justiﬁed because the observed extragalactic
CXB intensity, itself, would scatter intrinsically by about this amount, as described in §6.3.
The F softX distribution was ﬁtted well by the ﬁnite radius disk model, although there is a
strong correlation between the scale height h and the disk radius Rd, as shown in Figure 6.4a.
The best-ﬁt parameters are I0 = (0.01± 0.10)× 10−8 erg cm−2 s−1 sr−1, E = (1.9± 0.9)× 10−8
erg cm−2 s−1 sr−1, h = (0.19 ± 0.08) Rg, and Rd = (1.15 ± 0.23) Rg (errors are 1 σ), with
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Figure 6.2: Correlation between F softX and the RASS count in the 3/4 keV + 1.5 keV band for each
sample ﬁeld. The RASS acount is averaged over the 36′ × 36′ region centered the ASCA ﬁeld.
χ2/d.o.f. = 107.3/87. Since I0 is consistent to be zero and E  I0, we can say that the soft
thermal component is almost entirely a Galactic emission. The absorption-corrected ﬂux of the
hard power-law component in the 0.5–2 keV energy band is 2.07 × 10−8 erg cm−2 s−1 sr−1 if
we assume the average photon index of Γ hard = 1.412 over the whole energy range. Therefore,
the contribution of the Galactic component in the 0.5–2 keV band is calculated to be 49% at
(l, |b|) = (0◦, 20◦), and 18% at |b| = 90◦, respectively.
For the hard power-law component, we could hardly constrain the parameters for the F hardX
distribution by ﬁtting it with the ﬁnite radius disk model, as shown in Figure 6.4b. We therefore
ﬁxed the parameters at Rd = 2.8Rg and h = 0.73Rg, which were the best-ﬁt values for the
HEAO 1 A-2 observation (Iwan et al. 1982). These values are inside of the χ2 < χ2min+1 region
in Figure 6.4b. We then obtained E = 3.7±2.3% of I0 = (5.61±0.13)×10−8 erg cm−2 s−1 sr−1
(errors are 1 σ), which agrees well with the HEAO 1 A-2 value of E = 3.14%. Hence, the
Galactic component in the 2–10 keV band has a low signiﬁcance. Using our best-ﬁt values, the
Galactic contribution in the 2–10 keV band was calculated to be 7.1% at (l, |b|) = (0◦, 20◦), and
2.7% at |b| = 90◦, although the errors are large. These estimations are again consistent with
the very early results from Ariel V SSI (Warwick et al. 1980), 7.2% and 2.5%, respectively. We
can also compute the Galactic contribution to the CXB ﬂuctuation to be 1 σ = 1.2%, based
on the best-ﬁt model. This is much smaller than the observed ﬂuctuation of 1 σ = 6.49+0.56−0.61 %


































































3/4 + 3/2 keV band, smo=3´
Figure 6.3: The RASS count around the IRAS 19254−7245 ﬁeld; 1/4 keV band (top left), 3/4 keV band
(top right), 3/2 keV band (bottom left) and 3/4 keV + 3/2 keV band (bottom right). In each panel,
the circle represent the GIS f.o.v.(r < 20′) fot the IRAS 19254−7245 ﬁeld. Images are smoothed by the
gaussian with σ = 3′.
(table A.8).
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Figure 6.4: Conﬁdence contours between the scale height (h/Rg) and disk radius (Rd/Rg)
parameters of the ﬁnite radius disk model for the F softX and F
hard
X . The contour levels are
χ2min+0.5, +1.0, +4.61 (90%), +5.99 (95%), +9.21 (99% conﬁdence range), respectively, from
inner to outer. The ﬁlled circle in the left panel represents the χ2min position. For the right
panel, the χ2min position is out of the panel.
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6.2 Dipole
Aiming at detecting another spatial structure than the Galactic component, we next tried to
ﬁt the intensity distribution with a dipole model, as a ﬁrst-order approximation of the spherical
harmonics. The dipole intensity distribution is expressed by
FX(Θ)− FX
FX
= I cosΘ, (6.2)
where Θ is the angle between the center of each ﬁeld and the assumed pole direction, I is the
amplitude of the dipole, and FX is the average of the observed ﬂux. As for the pole direction,
we searched for all directions over the sky with a step size of 5◦. The hard and soft components
were examined separately, and the errors in the ﬁts were calculated in the same way as in
the previous section. Figure 6.5 shows the distributions of the best-ﬁt dipole amplitude in the
Galactic coordinate.
As expected from the previous section, the soft component (F softX ) indicates a strong peak
near the Galactic Center at (l, b) = (−5◦,−5◦) with a relative amplitude of 72±13% (1 σ error).
The hard component (F hardX ) also suggests some dipole emission with a maximum amplitude of
3.0± 1.6% (1 σ error) at (l, b) = (15◦, 0◦). In order to avoid the contribution of the soft excess
component to the hard one, we apply equation (6.2) to the count-rate data in the harder band
above 3 keV, however, similar enhancement was observed around the Galactic center as shown
in the bottom panel of Figure 6.5.
There are slight shifts from the Galactic Center to the positions of the maximum dipole
amplitude, towards the south direction for the F softX and east for the F
hard
X . This is presumably
due to the inﬂuences of the brightest ﬁelds, the IRAS 19254 ﬁeld at (l, b) = (322.◦4,−28.◦7)
for the F softX , and the PHL 5200 ﬁeld at (59.
◦1,−49.◦6) for the F hardX . When these ﬁelds are
removed in the dipole ﬁttings, the directions of the shift change.
We applied equation (6.2) to the 91 photon index data (Γ hard) and obtained the distribu-
tion as shown in Figure 6.6. We utilize the observed large-scale features in the estimation of
extragalactic distribution of the CXB parameters in § 6.3.6.
Since the Galactic contribution is too much dominant, we further tried a dipole ﬁtting after
subtracting the best-ﬁt dipole model with its pole directed to the Galactic Center. Then, the
residuals were consistent with no dipole emission at the 90% conﬁdence level in the whole
sky, for both F softX and F
hard
X . According to the Cosmic Microwave Background (CMB) dipole
(Lineweaver et al. 1996), a dipole amplitude of 0.42% towards (l, b) = (264◦, 48◦) is expected due
to the so-called Compton-Getting (CG) eﬀect. The CG dipole originates in our local motion
with respect to the distant X-ray frame, which is expected to agree with the direction and
velocity determined from the CMB dipole. There is some evidence that the dipolar emission
also exists in the X-ray band, e.g. Plionis & Georgantopoulos (1999) with the 1.5 keV map of
the ROSAT all-sky survey, Scharf et al. (2000) with the HEAO 1 A-2 all-sky survey in 2–10
keV. Our dipole amplitudes in this direction after the subtraction is −8.1 ± 8.1% (1 σ error)
for the F softX and −0.5 ± 1.0% (1 σ error) for the F hardX . It is almost impossible to detect such
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a small level of the dipole (I = 0.42%) with our data, because the standard deviations of the
observed intensity are much higher (52% and 6.5% for the F softX and F
hard
X , respectively) and
the number of sample ﬁelds are limited to 91.
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Figure 6.5: Distributions of dipole amplitude for F softX (top) and F
hard
X (middle) plotted in the Galactic
coordinate. The bottom panel shows distribution in the 3–10 keV count rate data. The relative amplitude
is indicated by color bars. The contours correspond to the 90 %, 95 %, and 99 % conﬁdence levels, where
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Figure 6.6: Distributions of dipole amplitude for Γ hard.
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6.3 Simulation
We featured the Galactic contribution to the hard band CXB in the previous section. In
order to examine the observed ﬂuctuation compared with the expected level from an assumed
logN–logS relation, a detailed simulation including all of the instrumental characteristics is
essential. In the ASCA data, there is a signiﬁcant ﬂux contribution (∼ 30–35 %; see § 4.1)
from outside of the GIS f.o.v. in the observed CXB intensity. Inside the f.o.v., discrete sources
brighter than S ≈ 2 × 10−13 erg cm−2 s−1 (2–10 keV) were eliminated, whereas we could not
exclude brighter sources outside of the f.o.v. We only picked up extremely bright sources, which
may inﬂuence the CXB intensity by more than 2.5 %, based on the HEAO1 A1 catalog and the
RASS-BSC, and discarded the associated ﬁelds (§ 4.3).
6.3.1 Assumption of the logN - log S Relation
We ﬁrst assumed a certain logN–logS relation which deﬁnes the intensity distribution of X-
ray sources in the sky. The diﬀerential form of the ﬂux (S) vs. number (n) relation is expressed
using a normalization k and a slope γ as




 0 (S < Smin),kS−γ (Smin < S), (6.3)
where the notation N(> S) means the number density of sources brighter than S per steradian.
The γ value equals 2.5 in the Euclidean universe, which is a good approximation at least in the
range of S >∼ 10−13 erg cm−2 s−1 in the 2–10 keV (e.g. Ueda et al. 1998). Then, the integrated







min (S < Smin),
k
γ−1S
−γ+1 (Smin < S).
(6.4)








min − S−γ+20 ) . (6.5)
We tentatively adopt the value of k = k0 = 1.58× 10−15 (erg cm−2 s−1)1−γ sr−1, and γ = γ0 =
2.5, which well approximates the observed source density of N(> S0) = N0 = 1.18× 104 sr−1 at
S = S0 = 2.0× 10−13 erg cm−2 s−1 (2–10 keV); see Figure 2.7 for an example. The Smin value
is determined to be 2.52 × 10−15 erg cm−2 s−1 (2–10 keV), using F (S0) = F0 = 5.59 × 10−8
erg cm−2 s−1 sr−1 (2–10 keV) which matches the observational result (§ 6.4.2). In Figure 6.7
(a), the assumed logN–logS relation with these tentative parameters is shown (Model 1).
6.3.2 Simulation of Sky
We next generated a number of skies, where point sources are randomly scattered out to the
oﬀ-axis angle of 2◦.5, with their source density and ﬂux distribution following the assumed logN–
log S relation. Figure 6.7 (b) shows an example of the simulated sky. Among the simulated skies,
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Figure 6.7: Panel (a) shows the assumed logN–logS curve in the integrated form (equation (6.4)).
Model 1 is the nominal curve (γ = 2.5) compared with the observed data. Panel (b) shows the simulated
sky image (r < 2◦.5) based on the Model 1- logN–log S relation. The central circle represents the GIS
ﬁeld of view, r = 20 mm  20′.
the same criterion in the selecting for the AMSS ﬁelds in Chapter 4 as indicated in Figure 4.5.
In order to imitate the source elimination, we further removed sources inside of the GIS f.o.v.
(r < 20 mm  20′) if they were brighter than S0 = 2.0× 10−13 erg cm−2 s−1 (2–10 keV). In the
actual source elimination, ﬁnite regions surrounding these eliminated sources were also masked
out, which reduced the averaged detection area by about 20 % (§ 4.3.2). On the other hand, 33
out of the 91 sample ﬁelds consisted of multi-pointing observations, covering a larger sky area
than that from a single pointing, whose sky coverage is 0.40 deg2. As a result, the sky area
covered by one sample ﬁeld after source elimination, i.e. the mean value of the “Area 2” column
of table 4.1, is 0.44 deg2 on average, which is 10 % larger than the integration area for a single
pointing without any source elimination.
We investigated this eﬀect in the simulation by changing the integration area on the detector.
Five patterns of the integration area shown in Figure 6.8, were tested; namely, we masked out
a certain range of azimuthal angles like a pie cutting, with opening angles of 0◦, 30◦, 60◦, 120◦,
and 180◦. We found diﬀerences in the following simulation results are small and within statistic
errors between 0◦ (100 % detector area) and 60◦ (83 %) cases. The results are listed in table 6.1.
Hence, we refer only to the results with a 100 % detector area hereafter.
6.3.3 Spectral Fit
We generated more than ten millions of photons for each simulated sky following its intensity
map in the energy range 1–12 keV, while assuming that all of the sources have a common power-
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Table 6.1: Fitting results from the ﬁve integration patterns.




(deg) (10−8 erg cm−2 s−1 sr−1) (10−8 erg cm−2 s−1 sr−1)
0 5.77± 0.02 0.29+0.01−0.01
30 5.77± 0.02 0.29+0.01−0.01
60 5.78± 0.02 0.30+0.01−0.01
120 5.78± 0.02 0.33+0.01−0.01
180 5.78± 0.02 0.37+0.01−0.01
† Average ﬂux of the hard power-law component in 2–10 keV, deﬁned as equation (6.6).
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Figure 6.8: Five patterns of the integration area on the detector coordinates. The ﬁlled parts are the
detection area of the GIS. The opening angles of the integration area are 0◦, 30◦, 60◦, 120◦, and 180◦
from left to right.
law energy spectrum with intrinsic photon index ΓS = 1.4. The number of photons was chosen
so that it would correspond to a 100 ks exposure with the GIS. We conducted a full instrumental
simulation of the XRT and the GIS for each photon, which uses basically the same code with
the SimARF, utilizing the ray-tracing and the standard response matrices of gis2/3v4 0.rmf.
Photons detected by the GIS were collected to generate an energy spectrum. Simulations with
GIS 2 and GIS 3 were run separately for the same sky, and the resultant two spectra were
summed up afterwards. We performed this kind of instrumental simulation for 369 simulated
skies, and generated a set of spectra of the same number. Each spectrum was ﬁt by a single
power-law model in the 2–10 keV band, with a common response created by the SimARF in the
same way as described in § 4.4, assuming a ﬂat surface brightness. Note that the NXB is not
taken into account in the simulation. The contribution of the NXB reproducibility is examined
separately in the following subsection, so that we can evaluate the pure Poisson noise eﬀect in
the observed ﬂuctuation.
6.3.4 Comparison of Results
We thus obtained 369 set of the CXB parameters, F hardX and Γ
hard, for the assumed logN–
log S relation in § 6.3.2. The distributions of F hardX and Γ hard for both the observation and
the simulation are shown by the histograms with solid lines in Figure 6.9. In the following
comparison, we must compile the errors. The parameters in each spectrum have errors derived
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from the ﬁt, i.e. statistical error. We therefore calculated a weighted average, Av(y), and its 1σ

























where i, varying between 1 and NF, denotes the ﬁeld identiﬁcation number of an observation
or a simulation, and yi and σi denote the best ﬁt value and its 1σ error, respectively. Intrinsic
































Equations (6.6)–(6.9) are correct as long as both the intrinsic distribution of the parameter y
and the distribution of statistical error of yi have Gaussian shapes. This assumption seems to be
good for the parameters after source elimination, as can be seen in the top left panel of Figure 6.9,
although this is not true for those without the source elimination where the distribution of F hardX
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Figure 6.9: Distribution of the 2–10 keV ﬂux F hardX (left panels) and the photon index Γ
hard (right
panels). The top row represents the observed distribution, with solid and dotted histograms showing
those with and without the source elimination, respectively. The bottom panels show simulation results.
The solid lines are for a ﬁxed intrinsic spectrum (ΓS = 1.4± 0.0; Model 1).
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6.3.5 2–10 keV Flux
With regard to the observed F hardX after the source elimination, Av(F
hard
X ) was calculated to
be (5.85±0.04)×10−8 erg cm−2 s−1 sr−1 with a standard deviation of
√
Sd2(F hardX ) = 0.38
+0.03
−0.04×
10−8 erg cm−2 s−1 sr−1, which corresponds to a 6.49+0.56−0.61 % ﬂuctuation. On the other hand,
the simulation gives Av(F hardX ) to be (5.77± 0.02)× 10−8 erg cm−2 s−1 sr−1 with a ﬂuctuation
width 5.06+0.19−0.20 %. These average values are in good agreement between the observation and the
simulation, while the observed ﬂuctuation is larger than that of the simulation. This discrepancy
can be explained by the systematic error, mainly due to a NXB reproducibility of ∼ 3 %. As
shown in table 5.2, the contribution of the systematic error to F hardX is estimated to be σS = 3.2 %
by changing NXB level 3 %. Including this evaluation, the simulation becomes consistent with
the observation at 1 σ level. Therefore, we can say that the Euclidean distribution of γ = 2.5
(Model 1) is acceptable by the observed CXB intensity and its ﬂuctuation.
6.3.6 Photon Index
As for the observed power-law photon index, Av(Γ hard) and
√
Sd2(Γ hard) were obtained to be
1.412± 0.007 and 0.055+0.005−0.006, respectively, while Av(Γ hard) = 1.414± 0.001 and
√
Sd2(Γ hard) =
0.009+0.001−0.001 were calculated for the simulated results. The contribution of the systematic error
to Γ hard is estimated to be ± 0.025 from table 5.2. We have examined a contribution due to
the large-scale anisotropy estimated from the dipole analysis (Figure 6.6), and its contribution
is 0.011 ± 0.003 at most. Therefore, the observed distribution of Γ hard is wider than that
of the simulation, even considering the systematic error and the large-scale anisotropy. This
discrepancy is presumably due to the unrealistic assumption that all the sources have a common
power-law index of ΓS = 1.4 in the present simulation. We investigate this eﬀect later.
6.4 CXB Intensity
Regarding the ﬁeld-to-ﬁeld ﬂuctuation of the hard component (F hardX ), we evaluated the
contribution from the Galaxy to be 1.2 % in § 6.1, which is much smaller than the observed
ﬂuctuation of 1σ = 6.49+0.56−0.61 %. Therefore, the majority of the ﬂuctuation is considered to be
mostly due to the extra-galactic origin, and its distribution reﬂects a beam-to-beam ﬂuctuation
of X-ray sources in the observed ﬁeld. In this section, we will try to constrain the logN–logS
relation of X-ray sources in the ﬂux range S <∼ 2×10−13 erg cm−2 s−1 and evaluate the absolute
CXB intensity at 2–10 keV, by comparing the observed ﬂuctuation with those from simulations.
6.4.1 Compensation Factors
In order to determine the correct CXB intensity in a well-deﬁned ﬂux range, some compen-
sation for the stray light is required, because the ASCA data has a signiﬁcant ﬂux contribution
from outside of the f.o.v., where we cannot eliminate bright point sources. In the previous sec-
tion, we showed that the assumed logN–logS relation is in good agreement with the observed
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intensity and ﬂuctuation of F hardX . We therefore calculated the correct CXB intensity using the
assumed logN–logS relation.
Spectral ﬁts for the simulated data indicate that F hardX = (5.77 ± 0.02) × 10−8
erg cm−2 s−1 sr−1. A simple integration of the assumed logN–logS relation, i.e. equation
(6.5), gives F (S0) = F0 = 5.59× 10−8 erg cm−2 s−1 sr−1 in the ﬂux range S < S0 = 2.0× 10−13
erg cm−2 s−1 (2–10 keV). This is 3.2 % less than the simulation value which includes the con-
tribution of bright discrete sources residing outside of the f.o.v. by chance. If we integrate the
assumed logN–logS curve to S →∞, F (∞) becomes 6.29×10−8 erg cm−2 s−1 sr−1 (2–10 keV)
which is 9.0 % larger than the simulated value. Therefore, the compensation factor to derive the
true sky ﬂux is −3.2 % in the ﬂux range S < S0 and +9.0 % for the total CXB ﬂux, respectively.
These compensation factors do not change, even when the logN–logS relation has a break in
the ﬂux range of S < S0, as long as the logN–logS has the same shape at S > S0, where we
think the Euclidean slope of γ = 2.5 has been almost established. This is because the sources
aﬀecting to the compensation factor have ﬂuxes brighter than S0.
6.4.2 Absolute CXB Intensity
By applying the compensation factor to the observed CXB intensity, the unresolved CXB
ﬂux from sources fainter than S0 were reduced to (5.67± 0.04)× 10−8 erg cm−2 s−1 sr−1 (2–10
keV) when averaged for the 91 sample ﬁelds and corrected for the Galactic absorption. On the
other hand, the total CXB ﬂux integrated over S →∞ was calculated to be (6.38±0.04)×10−8
erg cm−2 s−1 sr−1. Note that this value does not include the soft component, and that the
absolute ﬂux determined with ASCA has a systematic error of about 10 %, when compared
with the recent results from Chandra or XMM-Newton. If we convert the latter intensity into a
power-law normalization at 1 keV, assuming a photon index of Γ = 1.4, we obtain 9.66 ± 0.07
photons keV−1 cm−2 s−1 sr−1. This value is very susceptible to the ﬂux of the soft component
and changing of the power-law index of the hard component, although this representation is
conventionally used in much CXB literature. For example, changing the power-law index, Γ , by
only 0.01 causes a shift of normalization at 1 keV by as much as 16 %.
6.4.3 Constraint on the 2–10 keV logN- log S Relation
We then tried to constrain the acceptable range of the logN–logS relation based on the
analytic dependence of the ﬂuctuation width for a given set of (k, γ). Using equation (6.5)
with F (S0) = 5.67 × 10−8 erg cm−2 s−1 sr−1 (2–10 keV) obtained in § 6.4.2, the Smin value is









√√√√ S3−γ0 − S3−γmin
(3− γ) k Ωeﬀ , (6.10)
where Ωeﬀ represents the eﬀective beam size of the XRT+GIS system. The derivation of equa-
tion (6.10) is described in Appendix C. If we take the values derived from the simulation, i.e.
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k = k0, σF = 5.06 %, etc., Ωeﬀ is calculated to be 0.516 deg2. Using this Ωeﬀ value and a given
set of (k, γ) pair, we calculated equation (6.10) and searched for an acceptable range in the (k, γ)
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Figure 6.10: In panel (a), the curves indicate the acceptable range in the N(> S0) versus γ plane. The
contours correspond to ∆χ2 = 1.0 (68.3%), 4.61 (90%), 5.99 (95%), and 9.21 (99% conﬁdence range),
respectively. The best-ﬁt point is shown by a cross. The square region shows the constraint derived from
other studies: γ < 2.5 is given by recent Chandra and XMM-Newton observations (e.g. Baldi et al. 2001,
Tozzi et al. 2001), and N(> S0) = 3.95± 0.43 deg−2 is estimated from the previous AMSS study (Ueda
et al. 1999b). Panel (b) shows the logN–logS relation matching with the acceptable N(> S0) and γ
values with two models (dotted lines). The outer solid lines correspond to the 90% conﬁdence limits in
panel (a), and the inner solid lines include the additional constraint by the square region in (a). In both
the outer and the inner lines, the thick ones are boundaries, where the logN–logS corves crosses the
100 % CXB ﬂux, which we determined in §6.4.2.
Since the χ2 value is determined by γ and k, namely, the degree of freedom equals two, the
90% conﬁdence range of σF can be evaluated as χ2(σF) < 4.61. In Figure 6.10(a), we plot the
region where the (k, γ) pair gives the 90% conﬁdence range of σF, as well as that of 68.3%, 95%
and 99%. In this plot, we converted k into N(> S0), which represents the N(> S) value for
given (k, γ) at S = S0 = 2× 10−13 erg cm−2 s−1.
The resultant 90% acceptable region of the logN–logS relation is shown in ﬁgure 6.10 (b)
by the outer solid lines. Roughly speaking, this region is constrained by two factors. One is a
constraint by the ﬂuctuation, which is expressed by the thin solid lines. The other is a constraint
by the absolute CXB intensity shown by the thick solid lines, where the integrated source ﬂux
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reach 100% of the absolute CXB intensity, when the power-law like logN–logS relation is
extrapolated towards the fainter ﬂux range. In practice, the constraint by the ﬂuctuation is
valid only in the brighter ﬂux range where the Poisson noise,
√
N , of the source count, N , in
the f.o.v. is comparable to the ﬂuctuation width, i.e., N(> S) <∼ 50 with our data. On the other
hand, the logN–logS relation must be within the range of the constraint by the absolute CXB
intensity, as long as the logN–logS curve has a form that is gradually ﬂattening.
Although our obtained region is fairly wide, we can further constrain the region by rejecting
an unrealistic set of (k, γ) which contradict with the previous results. When combined with the
LSS and the AMSS results (Ueda et al. 1999a and 1999b, respectively), N(> S) value at S = S0
is determined in the range of 3.52 deg−2 < N(> S0) < 4.38 deg−2. Recent deep observations
with Chandra and XMM-Newton show that the ﬂattening of the logN–logS curve begins at
a fainter ﬂux around (1–2) ×10−14 erg cm−2 s−1 (e.g. Baldi et al. 2002, Tozzi et al. 2001).
Hence, we made another condition of γ ≤ 2.5. If these two constraints are added, the acceptable
region of the (k, γ) pair becomes the area surrounded by the rectangle, as shown in Figure 6.10
(a), and the acceptable logN–logS range becomes the area surrounded by the inner solid lines
Figure 6.10 (b).
We tried simulations while assuming this bending logN–logS curve (Model 2), as shown in
Figures 6.11. The Model 2 reveals the ﬂattening from γ = 2.5 to 1.9 below 2×10−14 erg cm−2 s−1,
which are determined within the error of the observed value by Chandra (e.g. Mushotzky et
al. 2000; Campana et al. 2001). After the same procedure described for Model 1, we conﬁrmed
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Figure 6.11: In the left panel, dashed line (Model 2) is the assumed bending logN–logS relation
(integrated form) with ﬂattening below 2× 10−14 erg cm−2 s−1 (Model 2), which crosses the CXB total
limit at Smin = 2.21 × 10−16 erg cm−2 s−1. Dotted line in the right panel is the simulated distribution
in the F hardX along with those from Model 1 (solid line).
We also conﬁrmed the consistency between the analytic formula, equation (6.10), by running
simulations for the boundary values of k and γ. These results are summarized in table 6.2. They
are consistent with the observed ﬂuctuation considering the systematic error of σS = 3.2 %.
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Table 6.2: Simulation results on the ﬂuctuation width compared with the analytical formula.
k γ Smin (erg cm−2 s−1) N(> S0) (deg−2) σF Fluctuation NF
1.98× 10−14 2.42 1.77× 10−15 3.99 5.04 % 4.78+0.37−0.40 % 83
1.58× 10−15 2.50 2.52× 10−15 3.59 5.06 % 5.06+0.19−0.20 % 369
1.00× 10−19 2.82 6.10× 10−15 2.44 5.26 % 5.97+0.45−0.49 % 79
Note. Errors in the ﬂuctuation are 1 σ.
6.5 Spectral Distribution of Sources
As mentioned in § 6.3.6, the simulations above could not reproduce the observed deviation
of the CXB spectral index, Γ , whereas both the average value and the deviation of F hardX were
explained by the simulation fairly well. This is partly due to the assumption that all of the
sources had a common spectral index of ΓS = 1.4 in the simulations. We therefore investigated
the dependence of the apparent CXB spectral index upon the intrinsic distribution of the source
spectra.
In order to investigate this eﬀect, we introduced a Gaussian distribution of power-law index
ΓS for those sources which constitute the CXB. We assumed that the distribution of the source
spectra is independent of the source ﬂux. We chose these assumptions for simplicity, although
the actual Universe is much more complex. For instance, hardening of the source spectra towards
fainter ﬂux range has already been seen in the AMSS survey (Ueda et al. 1999a), and the hard
sources are usually heavily absorbed sources; hence sources with intrinsically ﬂat spectral indices
are rare. However, modeling all of these characteristics is beyond our scope. Figure 6.12 shows
the examples of the assumed distribution of ΓS, and the simulation results are summarized in
table 6.3 along with the observed ones. As expected, the resultant ﬂuctuation in Γ were larger

















Figure 6.12: Assumed distribution of ΓS. Two gaussian functions with ΓS = 1.2± 0.5 and 1.1± 1.0 are
indicated.
The simulation suggests that the intrinsic deviation of the power-law index, Γ , is more
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than 1.0, even when considering the deviation due to the systematic error of the NXB which
is estimated to be
√
Sd2(Γ hard) = 0.025 and the deviation due to the large-scale anisotropy of
0.011± 0.003. The intrinsic source spectra must peak at signiﬁcantly harder index of ΓS = 1.1
than the observed CXB index of Γ hard  1.4 if we suppose that their spectral deviation is about
1.0. This is because sources with soft spectra emit more photons than do hard sources when they
have the same ﬂux; consequently, the averaged spectrum tends to be weighted towards the soft
source. On the other hand, we also found that it was diﬃcult to ﬁt the simulated spectrum with
a single power-law model for a larger deviation of ΓS, since the integrated spectrum became a
concave shape. These funny eﬀects are in part caused by the simplistic model, which is discussed
in §7.5.




1.4± 0.0 1.414± 0.001 0.009+0.001−0.001 369
1.2± 0.5 1.397± 0.001 0.020+0.001−0.001 369
1.1± 1.0 1.422± 0.003 0.031+0.003−0.003 249




7.1 Summary of Observational Results
We measured the absolute intensity and energy spectrum of the CXB based on the ASCA GIS
observations covering 50 square degrees (value without the source elimination). A total of 91
selected ﬁelds were studied after eliminating discrete sources with a threshold ﬂux of 2× 10−13
erg cm−2 s−1 (2–10 keV). The energy spectrum in the energy range of 0.7–10 keV was described
by a two component model comprising a soft thermal emission with kT  0.4 keV and a hard
power-law model. Based on the results for the integrated spectrum, we estimated the systematic
error due to the NXB uncertainty to be 0.025 in Γ hard and 3.2 % in F hardX , which is much smaller
than that caused by the estimation of the XRT eﬀective area, ∼ 10 %.
The average 2–10 keV CXB spectrum is described by Γ hard = 1.412 ± 0.007 ± 0.025, with
1σ statistical and systematic errors. Applying corrections to eliminate the stray-light eﬀect in
the observed CXB ﬂux, the absolute CXB ﬂux in 2–10 keV has also been determined to be
(6.38± 0.04± 0.64)× 10−8 erg cm−2 s−1 sr−1. The observed ﬂuctuation in the hard-band ﬂux
was 1σ = 6.49+0.56−0.61 %, and it was used to constrain the logN - log S relation in the ﬂux range
below 2 × 10−13 erg cm−2 s−1. We also detected a signiﬁcant ﬂuctuation in the photon index
(Γ hard) of the CXB spectrum as 0.055+0.005−0.006 (1σ). The ﬂuctuation of the photon index was
not simply explained by Gaussian distribution of the intrinsic source spectra. We found excess
component from the power-law model below ∼ 1.6 keV, and its spatial distribution was found to
strongly correlate with the Galactic structure. This soft component showed a strong correlation
with the 3/4 keV + 1.5 keV RASS map and a broad peak around the Galactic center. The
emission extends well above |b| = 10◦.
Thus the present ASCA observations have shown interesting features in the spectrum and
the large-scale distribution of the X-ray background. Below, we will address their implications
for each subject.
7.2 CXB Intensity and Energy Spectrum
As shown in Chapter 5, the power-law nature of the CXB spectrum above 2 keV is consistent
with the previous results obtained from numerous past observations. When the nominal NXB is
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subtracted, the power-law ﬁt gives a residual spectrum suggesting a systematic ﬂux drop above
8 keV as if a cutoﬀ is present, as seen in Figure 5.9. However, this feature disappears when
the NXB level is reduced by 3 % which is just within the systematic error. Also, the residual
feature for the nominal NXB suggests that the 8 keV line is over-subtracted. This Cu-K line is
produced in the window support of the GIS gas cell and gives a measure of the goodness in the
NXB subtraction. Therefore, we regard that the cutoﬀ feature above 8 keV is not due to cosmic
origin. Similarly, other residual features are all within the NXB uncertainty, and we conclude
that the energy spectrum of the CXB is consistent with the nominal power-law model in the
energy range 2–10 keV. Because of the long exposure time (4.2 Ms), the present result gives a
tight constraint in the possible presence of discrete spectral features in the CXB emission.
The intensity of the power-law component was calculated to be 8.61±0.07 photons cm−2 s−1
keV−1 sr−1 at 1 keV after eliminating sources with a ﬂux greater than S = 2×10−13 erg cm−2 s−1.
If all the sources brighter than 2×10−13 erg cm−2 s−1 were included, the intensity would become
9.66± 0.07 photons keV−1 cm−2 s−1 sr−1 at 1 keV, using the compensation factor calculated in
§ 6.4. This value is consistent with the ASCA SIS result based on a 250 ks exposure in 4 ﬁelds,
i.e. 9.4 ± 0.4 photons keV−1 cm−2 s−1 sr−1 (Gendreau et al. 1995). Note that these absolute
ﬂuxes with ASCA have systematic errors of ∼ 10% because of the calibration uncertainty.
Nevertheless, our result is considered to be the best estimate of the CXB intensity so far from
two points of view: a well-calibrated and low-background instrument is used, and the source
elimination (S0 ∼ 2 × 10−13 erg cm−2 s−1) and large solid angle (Ωeﬀ ∼ 50 deg2) make the
cosmic variance small enough, as expressed in equation (6.10). Compared with results from
other missions, the present one is consistent with the BeppoSAX LECS value based on a two
thermal plus a power-law model ﬁt; 10.4+1.4−1.1 photons keV
−1 cm−2 s−1 sr−1 at 1 keV (Parmar
et al. 1999). However, these values are much smaller than the ROSAT level of 13.4 ± 0.3
photons keV−1 cm−2 s−1 sr−1 at 1 keV (Hasinger et al. 1992), even if we include the systematic
error in the ASCA data. The relatively strong ROSAT ﬂux is caused by the steeper spectrum
with Γ ∼ 2.1, which would be due to contamination of the soft component or the calibration
diﬀerences (Barcons et al. 2000).
The integrated CXB ﬂux in 2–10 keV is derived to be (6.38 ± 0.04 ± 0.64) × 10−8
erg cm−2 s−1 sr−1. The latter error comes from the 10% calibration uncertainty in the XRT
eﬀective area. The determination of the absolute CXB ﬂux depends on how well the NXB level is
constrained, since the process deals in the residual diﬀuse emission after the source elimination.
The NXB level of ASCA (per unit detector area) is about an order of magnitude lower than
those of Chandra and XMM-Newton. Therefore, the CXB ﬂux obtained in the present study
will remain as a standard value for some years.
7.3 The Galactic Component
We found that the (l, b) proﬁles of both F softX and F
hard
X can be ﬁtted with acceptable χ
2
values by the ﬁnite radius disk model, which strongly suggests that a certain fraction of the
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X-ray emission has the Galactic origin. As for the soft thermal component (F softX ), all of the
emission is consistent to be Galactic, with a scale height of h = 1.5± 0.6 kpc and a disk radius
of Rd = 9.2 ± 1.8 kpc (errors are 1 σ), if we assume the distance to the Galactic Center to be










where zg is the height above the plane. We can compute the total luminosity of the soft







2πr dr = 2 (4πE) (πR2d). (7.2)
Hence, LsoftX = (1.2 ± 0.7) × 1039 erg s−1 (0.5–2 keV). Snowden et al. (1997) derived the total
luminosity to be ∼ 2×1039 erg s−1 from the ROSAT all-sky survey, which is consistent with our
result. Note that the absolute value of F softX is very sensitive to the kT value, which does vary
between 0.14 and 0.7 keV, bringing in a systematic error by about an order in LsoftX . Assuming
the MEKAL model of the temperature kT = 0.4 keV and the metal abundance at one solar, the
electron density in the Galactic plane is calculated as ne = (1.5± 0.5)× 10−3 cm−3.
In the same way, the Galactic component in the hard band (F hardX ) is calculated as L
hard
X ∼
8× 1038 erg s−1 (2–10 keV), although its detection is marginal. The F hardX also showed a weak
dipole feature with an amplitude of 3.0± 1.6% and the peak position near the Galactic Center,
even though the pointed ﬁelds all lie above |b| = 10◦. This result remained essentially the same
when we simply took the count-rate data above 3 keV instead of the F hardX obtained from the
spectral ﬁt. The soft component can be approximated by a thermal model with kT ∼ 0.4 keV,
and even if we take the highest value of F softX detected in the IRAS 19254−7245 ﬁeld, the ﬂux
contribution above 3 keV is only ∼ 0.02 %. This suggests that the distribution of the 2–10 keV
X-rays in our Galaxy really has a high scale-height component. Essentially the same results
were previously reported by Warwick et al. (1980) and Iwan et al. (1982) with the Ariel V and
HEAO 1 A-2 all-sky surveys, respectively.
Kokubun (2001) recently examined the spatial distribution of the so-called Galactic bulge
and the ridge X-ray emission, which has a broad enhancement around the Galactic Center and
plane, and showed that the spectrum can be described by a mixture of two thermal components
(∼ 0.6 keV and ∼ 3 keV, respectively) and a non-thermal power-law component (Γ ∼ 1.8).
Based on an analysis of the ASCA and RXTE data, he suggested the typical scale-height/length
of the bulge emission to be b ∼ 2◦ and l ∼ 7◦. A comparison with the present result implies that
this emission is extending further away (|b| > 10◦) from the Galactic Center with low surface
brightness. Ebisawa et al. (2001) conducted a deep X-ray survey of a region in the Galactic
plane with Chandra ACIS-I, and found that the hard X-ray emission from the Galactic ridge
is truly diﬀuse, not resolved into discrete sources. However, there are diﬃculties in conﬁning
plasmas with such a energy density and temperature in the Galactic disk. The far extended
hard X-ray emission in our data may indicate an escape of the high energy plasmas. The spatial
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distribution determined by the ROSAT all-sky survey gives h ∼ 0.95 kpc1 and Rd ∼ 5.6 kpc,
which is slightly smaller than our results for the F softX . This is possibly because the ROSAT
PSPC is sensitive in a softer band than the ASCA GIS.
7.4 logN - logS Relation
Based on the observed ﬂuctuation and the absolute intensity of the 2–10 keV CXB ﬂux
compared with the simulation results, the acceptable logN–logS relation was constrained as
shown in Figure 6.10. In the ﬂux range above ∼ 10−14 erg cm−2 s−1, the relation follows
the uniform Euclidean relation of dN(> S)/dS ∝ S−2.5, as already indicated from the previous
observations, and lies on a fainter extension from the previous results from Ginga LAC (Butcher
et al. 1997) and HEAO 1 A-2 (Piccinotti et al. 1982). As Figure 7.1 clearly shows, the present
90% conﬁdence range of the logN–logS curve is also consistent with the fainter-part results
obtained from the recent Chandra and XMM-Newton deep-survey observations. We cannot say
where the turn over exactly occurs, but it is close to the 10−15–10−14 erg cm−2 s−1 level from
the derived envelope of Figure 7.1. Miyaji et al. (2002) recently analyzed Chandra data for the
Hubble Deep Field North with an area of 35.7 arcmin2 by the ﬂuctuation method. They derived
a loose upper limit in the number density at the ﬂux level of 2 × 10−16 erg cm−2 s−1 in the
2–10 keV band to be less than 10000 per square degree. As Figure 7.1 shows, the present ASCA
result in the same energy band gives a consistent upper limit of ∼ 22000 per square degree, in
the sense that an extrapolation of the logN–logS curve reaches 100% of the CXB intensity at
this point.
The recent Chandra results also suggest an∼ 8% diﬀerence in the source contribution brighter
than S > 4.5 × 10−16 erg cm−2 s−1 between the CDF-N and the CDF-S ﬁelds (Rosati et al.
2002). However, the measured intensity, i.e. (5.58 ± 0.56) × 10−8 erg cm−2 s−1 (CDF-N) and
(5.15± 0.49)× 10−8 erg cm−2 s−1 (CDF-S) in 2–10 keV, have fairly large errors of ∼ 10%, and
both ﬁelds are restricted to relatively small areas ( 0.1 deg2). As pointed out by Barcons et al.
(2000), the cosmic variance plays an important role in such small-area observations. We have
shown in Chapter 6 that ∼ 5% of the intensity deviation can be reproduced even by a single
logN–logS relation, and that the ﬂuctuation width is inversely proportional to the square root
of the observed area, i.e. σF ∝ 1/
√
Ωeﬀ from equation (6.10). Considering that the GIS+XRT
eﬀective beam-size, Ωeﬀ , is about 0.5 deg2, it is not unusual that the intensities of the CDF-N
and the CDF-S diﬀer by ∼ 8%. If we take our average value of the CXB intensity integrated
up to S → ∞, i.e. (6.38 ± 0.04) × 10−8 erg cm−2 s−1 sr−1, the fraction of CXB resolved into
discrete sources can be 80.8± 7.7% in CDF-S and 87.5± 8.8% in CDF-N, respectively, although
these values do not take into account the uncertainty (∼ 10%) of the absolute ﬂux with ASCA.
The width of the observed intensity ﬂuctuation can be used to constrain the local variation
of the logN–logS normalization. We have shown that the simulation assuming a simple logN–
1 In Snowden et al. 1997, the scale height parameter is used for the gas density, hence we have multiplied their
scale height by 0.5.
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log S relation (∝ S−2.5) predicts the 1σ ﬂuctuation of 5.1%. The variation of the NXB level
gives an additional ﬂuctuation of 3.2%, which adds up in the squared form to give the expected
ﬂuctuation width of 6.0%. This value is somewhat smaller than the observed width of 6.5±0.6%.
If we attribute this diﬀerence to the position-to-position diﬀerence in the logN–logS relation,
the maximum value of its 1σ width is derived as
√
(6.5 + 0.6)2 − 6.02 = 3.8%. Therefore, the
ﬂux deviation of 8% between two positions has a signiﬁcance of only 2.1σ, even though the
estimated 1′σ width is the maximum value.
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Figure 7.1: logN–logS relation in the energy range 2–10 keV constrained from the present study (thick
solid line), compared with a number of previous results. The references compiled in this plot are Miyaji
et al. (2002), Campana et al. (2001), Giacconi et al. (2001), Mushotzky et al. (2000), Hasinger et al.
(2001), Ogasaka et al. (1998), Ueda et al. (1999), Perri et al. (2000), Gendreau et al. (1998), Butcher et
al. (1997), and Piccinotti et al. (1982).
.
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7.5 Spectral Fluctuation
As shown in § 6.3.6, the observed distribution of Γ hard indicates 1 σ = 0.055+0.005−0.006. If we try
to explain this in terms of the Gaussian distribution of the spectral index of discrete sources, we
need to set the intrinsic ﬂuctuation width to be larger than 1.0 (1 σ), and a signiﬁcant fraction
of the sources must have a harder spectrum than the CXB with an average of ΓS ∼ 1.1. This
suggests a possibility that faint sources do not distribute along a simple logN–logS relation,
but may consist of two or more diﬀerent populations. However, the present spectral ﬂuctuation
may be partly coupled with the Galactic structure which aﬀects the observed variation of Γ hard
by ∼ 0.011 ± 0.003 at the maximum. Also, the systematic error on the index caused by the
NXB subtraction is 0.025. The simulated ﬂuctuation of Γ hard is ±0.031 for a single logN–logS
curve with an intrinsic ΓS = 1.1± 1.0; therefore, the total ﬂuctuation, including the NXB eﬀect,
amounts to 0.041 and approaches the observed level.
We also note that the Gaussian approximation for the distribution of the spectral index is not
adequate. The actual situation may be that the distribution broadly consists of two components:
one corresponds the population of unabsorbed AGNs with the peak of index distribution around
ΓS  1.7, and the other contains heavily absorbed galaxies with their absorption ranging over a
widely diﬀerent levels. In fact, several models have been proposed along with this picture, e.g. by
Madau et al. (1994), Comastri et al. (1995), and Gilli et al. (2001), and they were successful in
explaining the spectral shape of the CXB. However, the distributions of the intrinsic absorption
of AGN in these models are based on some assumptions and/or limited observations of nearby
AGNs (e.g. 45 Seyferts of z < 0.025 in Risaliti et al. 1999). Because of the observed spectral
ﬂuctuation in our result should include all of the contribution from faint distant AGNs, it remains
to be studied whether these models can also reproduce the spectral ﬂuctuation with 1 σ  0.05
when observed with a solid angle of Ωeﬀ  0.5 deg2.
7.6 Soft Component
We have detected a signiﬁcant soft excess below ∼ 2 keV from the power-law model in most
of the observed regions. Its spectrum was described either by a power-law model with photon
index Γ soft = 5.76± 0.04 or by a thermal model with kT between 0.14 and 0.7 keV. The 0.5–2
keV intensity is 0.51+0.03−0.03 × 10−8 erg cm−2 s−1 sr−1 (1 σ error) on the average and shows a
large relative standard deviation of 52.1+4.2−4.6 %. It shows a clear correlation with the Galactic
coordinate, and follows the 3/4 keV + 1.5 keV-band RASS intensity as seen in Figure 6.2. The
smooth connection with the ROSAT intensity can be obtained by assuming the thermal model
for the soft component. If so, the signiﬁcant variation of temperature from position to position
is an interesting new result and should be further studied from future wide-ﬁeld X-ray surveys.
Chapter 8
Conclusion
The present survey study of the CXB from ASCA has revealed rich information about the
spectral and spatial properties of the emission. The main results are summarized here.
1. We selected 91 regions in |b| > 10◦ observed with the ASCA GIS, and analyzed unresolved
CXB data after eliminating point sources with ﬂuxes > 2× 10−13 erg cm−2 s−1.
2. The absolute CXB ﬂux was determined to be (6.38 ± 0.04 ± 0.64) × 10−8 erg cm−2 s−1
sr−1, with 1σ statistical and systematic errors indicated. This ﬂux implies that 73–96% of
the whole CXB is resolved into discrete sources with Chandra.
3. The intensity ﬂuctuation from position to position can be explained by a single logN–logS
relation, which is consistent with the curves obtained from previous studies. This feature
constrains positional variation of the logN–logS normalization to be less than 3.8% (1σ).
4. The spatial variation of the spectral index of the 2–10 keV power-law component indicates
a 1σ width of 0.055+0.005−0.006, which is not simply explained by Gaussian distribution for the
spectral slopes of individual source spectra.
5. The integrated 2–10 keV spectrum of the CXB is well explained by a power-law model
with photon index Γ = 1.412± 0.007, with no signiﬁcant spectral structures.
6. Below 2 keV, signiﬁcant soft excess is present in most of the observed regions, and it shows
a strong enhancement in the direction of the Galactic center.
The next Japanese X-ray astronomy satellite Astro-E2 will be launched in 2005. The main X-ray
instrument consists of microcalorimeters, which will give us an energy resolution of 10 eV. The
satellite also carries hard X-ray detectors covering an energy range up to 700 keV. We hope
that observations from Astro-E2 will bring us interesting spectral properties of X-ray sources




Results of the Spectral Fits for the 91 Fields
In Appendix A, the ﬁtting results for the 91 ﬁeld are listed. In the calculation of the weighted
average and the standard deviation, equations (6.6)–(6.9) are used. For several ﬁelds with
asterisks (∗), errors could not be determined due to the large χ2 values, and such ﬁelds are
excluded from calculations above. The units of the ﬂux and NH are 10−8 erg cm−2 s−1 sr−1 and
1020 cm−2, respectively.
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A.1 Single Power-law Fit
Table A.1: Results of the single power-law ﬁt (> 0.7 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS(∗) 1.1 1.503+0.000−0.000 5.45+0.00−0.00 139.9 66
2 c-LSS 1.1 1.518+0.026−0.027 5.33
+0.14
−0.14 112.7 66
3 d-LSS 1.1 1.526+0.031−0.030 5.49
+0.17
−0.17 99.6 66
4 DRACO 4.2 1.514+0.041−0.041 5.28
+0.22
−0.21 129.5 66
5 JUPITER 2.2 1.576+0.069−0.069 5.32
+0.37
−0.36 81.5 66
6 NEP FIELD(∗) 4.2 1.486+0.000−0.000 5.34+0.00−0.00 235.3 66
7 QSF 3 1.6 1.426+0.038−0.038 5.95
+0.23
−0.22 92.2 66
8 ARP 220(∗) 4.3 1.662+0.000−0.000 5.01+0.00−0.00 182.8 66
9 3C 368(∗) 9.1 1.722+0.000−0.000 5.36+0.00−0.00 205.9 66
10 IRAS F10214+4724(∗) 1.2 1.466+0.000−0.000 6.05+0.00−0.00 179.4 66
11 IRAS 09104 1.0 1.307+0.065−0.064 6.67
+0.44
−0.43 59.4 66
12 MNVTEST 1.8 1.567+0.047−0.047 5.44
+0.26
−0.26 106.8 66
13 SN 1986J(∗) 7.5 1.744+0.000−0.000 5.82+0.00−0.00 200.5 66
14 AO 0235+164 9.0 1.424+0.059−0.058 5.82
+0.35
−0.34 58.1 66
15 NGC 1614 6.1 1.541+0.072−0.070 5.05
+0.36
−0.35 114.4 66
16 NGC 1667(∗) 5.5 1.638+0.000−0.000 5.33+0.00−0.00 161.4 66
17 4C 41.17 10.4 1.631+0.073−0.071 5.26
+0.38
−0.37 78.1 66
18 NGC 3690 0.9 1.442+0.066−0.065 5.29
+0.36
−0.35 94.5 66
19 K416 1.8 1.464+0.069−0.068 4.74
+0.34
−0.33 66.4 66
20 NGC 4449 1.4 1.470+0.056−0.055 5.38
+0.31
−0.30 79.9 66
21 PHL 5200(∗) 5.2 1.584+0.000−0.000 6.61+0.00−0.00 175.7 66
22 NGC 4418 2.1 1.463+0.060−0.059 5.81
+0.35
−0.34 104.4 66
23 GSGP 4 1.9 1.504+0.029−0.028 5.79
+0.17
−0.16 120.6 66
24 DI PEG 4.0 1.461+0.066−0.065 5.86
+0.39
−0.38 97.4 66
25 PG 1404+226 2.1 1.538+0.074−0.073 5.66
+0.43
−0.42 108.8 66
26 IRAS 15307+325 2.0 1.433+0.052−0.052 5.87
+0.31
−0.31 74.6 66
27 Z SYSTEM 2.2 1.496+0.030−0.031 5.56
+0.17
−0.17 82.1 66
28 MG 2016+112(∗) 15.5 1.700+0.000−0.000 5.54+0.00−0.00 422.7 66
29 IRAS 20460+192(∗) 11.2 1.736+0.000−0.000 5.07+0.00−0.00 160.6 66
30 BLANK SKY 13.4 1.610+0.065−0.064 5.47
+0.35
−0.34 100.5 66
31 EPSILON CMA(∗) 14.8 1.749+0.000−0.000 4.72+0.00−0.00 139.8 66
32 OJ 287 3.0 1.592+0.050−0.049 4.65
+0.24
−0.23 113.4 66
33 RASS 1011+1736 3.2 1.497+0.053−0.052 5.49
+0.29
−0.28 81.3 66
34 XY LEO 3.3 1.499+0.090−0.088 4.97
+0.45
−0.44 84.0 66
35 Mrk 231 1.3 1.452+0.029−0.028 5.71
+0.17
−0.16 95.0 66
36 NGC 7320(∗) 7.9 1.602+0.000−0.000 5.46+0.00−0.00 153.5 66
37 CN LEO 2.9 1.557+0.055−0.054 5.31
+0.30
−0.29 74.9 66
38 Mrk 273 1.1 1.579+0.074−0.072 4.34
+0.33
−0.32 108.2 66
39 NGC 5135 4.6 1.617+0.063−0.061 5.12
+0.32
−0.31 109.8 66
40 Q1508+5714 1.5 1.435+0.043−0.043 5.87
+0.26
−0.25 78.9 66
41 GB 930704 5.2 1.545+0.074−0.072 5.06
+0.37
−0.36 96.4 66
42 NGC 4125 1.8 1.480+0.063−0.062 5.65
+0.36
−0.35 64.8 66
43 TXFS 1011+144 3.9 1.453+0.059−0.058 5.54
+0.33
−0.32 83.7 66
44 MS 1054.5−0321 3.6 1.455+0.047−0.046 6.25+0.30−0.29 83.2 66
45 CL 2236−04 4.0 1.436+0.067−0.066 5.45+0.37−0.36 91.3 66
46 PG 1247+267 0.9 1.410+0.066−0.065 6.00
+0.40
−0.39 92.9 66
47 NGC 4450 2.4 1.583+0.066−0.064 5.62
+0.37
−0.36 91.7 66
48 QSO CLUSTER 1.1 1.522+0.027−0.028 5.79
+0.16
−0.16 108.5 66
49 NGC 5084(∗) 8.2 1.612+0.000−0.000 5.15+0.00−0.00 138.1 66




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.399+0.069−0.067 5.58
+0.39
−0.38 86.7 66
52 NGC 1332 2.2 1.510+0.049−0.049 5.54
+0.28
−0.27 86.1 66
53 PKS 0634−205(∗) 22.3 1.576+0.000−0.000 5.64+0.00−0.00 162.2 66
54 IRAS 20551−425 3.9 1.654+0.068−0.067 5.14+0.35−0.35 81.3 66
55 HS 1946+7658 7.6 1.639+0.053−0.052 5.62
+0.30
−0.29 74.0 66
56 RGH 12 1.5 1.476+0.056−0.056 5.27
+0.30
−0.30 82.6 66
57 UKMS 1 0.8 1.473+0.048−0.047 5.65
+0.28
−0.27 74.3 66
58 F568−06 2.0 1.430+0.055−0.054 6.00+0.34−0.33 65.6 66
59 NGC 7217 10.5 1.687+0.053−0.052 4.90
+0.26
−0.25 97.7 66
60 NGC 1672 2.3 1.512+0.070−0.068 5.25
+0.37
−0.36 81.9 66
61 BJS 855 4.0 1.501+0.053−0.051 5.90
+0.31
−0.31 81.1 66
62 PG 1148+549 1.2 1.520+0.061−0.059 5.84
+0.36
−0.35 69.9 66
63 IRAS 00317−2142 1.6 1.509+0.067−0.065 5.62+0.39−0.38 89.7 66
64 NGC 5005 1.1 1.394+0.067−0.067 6.13
+0.42
−0.41 89.3 66
65 NGC 5018(∗) 7.0 1.579+0.000−0.000 5.48+0.00−0.00 137.6 66
66 4C 38.41 1.0 1.528+0.071−0.070 5.51
+0.40
−0.39 82.1 66
67 AR UMa 1.8 1.499+0.043−0.043 6.14
+0.27
−0.27 66.4 66
68 PG 1114+445 1.8 1.456+0.053−0.052 5.82
+0.32
−0.31 84.1 66
69 HE 1104−1805 4.6 1.566+0.066−0.064 5.47+0.36−0.35 83.4 66
70 RX J1716.6+670 3.7 1.440+0.048−0.046 5.56
+0.27
−0.26 71.6 66
71 B2 1308+326 1.1 1.467+0.071−0.070 5.39
+0.39
−0.38 115.2 66
72 Q2345+007 3.8 1.546+0.045−0.045 5.17
+0.24
−0.23 83.1 66
73 IRAS 00235+102 5.1 1.462+0.055−0.054 6.03
+0.33
−0.33 70.0 66
74 NGC 612(∗) 1.8 1.544+0.000−0.000 5.28+0.00−0.00 137.1 66
75 CL 0024+17 4.2 1.474+0.059−0.058 6.00
+0.36
−0.35 95.2 66
76 NGC 315 5.9 1.541+0.066−0.065 5.44
+0.36
−0.36 97.5 66
77 MS 0302.7+1658 10.9 1.657+0.041−0.041 4.75
+0.19
−0.19 117.1 66
78 V 471 TAURI 15.8 1.437+0.065−0.063 6.39
+0.40
−0.39 105.1 66
79 RX J1802+1804(∗) 8.5 1.590+0.000−0.000 5.98+0.00−0.00 169.9 66
80 A548 1.9 1.671+0.040−0.038 5.31
+0.21
−0.21 79.2 66
81 IRAS 19254−7245(∗) 6.0 1.872+0.000−0.000 4.46+0.00−0.00 311.6 66
82 IRAS 07598+6508 4.3 1.616+0.060−0.058 5.08
+0.31
−0.30 82.6 66
83 HERC-1(∗) 2.4 1.463+0.000−0.000 6.07+0.00−0.00 144.1 66
84 IRAS 08572+3915 2.6 1.517+0.068−0.068 5.74
+0.40
−0.39 69.5 66
85 A851 1.2 1.472+0.039−0.039 5.42
+0.22
−0.21 87.1 66
86 NGC 7130 2.0 1.567+0.066−0.065 4.99
+0.34
−0.33 79.1 66
87 10303+7401 4.1 1.506+0.051−0.051 6.05
+0.32
−0.31 80.5 66
88 4C 06.41 2.8 1.513+0.047−0.046 5.43
+0.26
−0.26 82.7 66
89 M96 2.8 1.547+0.054−0.053 5.21
+0.29
−0.28 79.4 66
90 IC 2560 6.5 1.419+0.056−0.056 6.39
+0.35
−0.35 88.1 66
91 PG 0043+039 3.3 1.470+0.042−0.041 5.73
+0.24
−0.24 105.3 66
– average – 1.501+0.008−0.008 5.51
+0.05
−0.05 – –
– standard deviation – 0.060+0.006−0.007 0.35
+0.03
−0.04 – –
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Table A.2: Results of the single power-law ﬁt (> 0.8 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS 1.1 1.490+0.028−0.027 5.49
+0.15
−0.15 114.7 64
2 c-LSS 1.1 1.507+0.027−0.027 5.36
+0.15
−0.14 94.3 64
3 d-LSS 1.1 1.520+0.032−0.030 5.51
+0.17
−0.17 95.7 64
4 DRACO 4.2 1.504+0.041−0.041 5.31
+0.22
−0.21 122.8 64
5 JUPITER 2.2 1.563+0.070−0.069 5.36
+0.37
−0.36 76.9 64
6 NEP FIELD(∗) 4.2 1.468+0.000−0.000 5.40+0.00−0.00 193.4 64
7 QSF 3 1.6 1.420+0.039−0.038 5.97
+0.23
−0.23 89.2 64
8 ARP 220(∗) 4.3 1.630+0.000−0.000 5.11+0.00−0.00 153.9 64
9 3C 368(∗) 9.1 1.699+0.000−0.000 5.45+0.00−0.00 191.1 64
10 IRAS F10214+4724(∗) 1.2 1.455+0.000−0.000 6.09+0.00−0.00 161.7 64
11 IRAS 09104 1.0 1.300+0.066−0.064 6.70
+0.45
−0.44 58.0 64
12 MNVTEST 1.8 1.561+0.048−0.047 5.46
+0.26
−0.26 105.4 64
13 SN 1986J(∗) 7.5 1.729+0.000−0.000 5.87+0.00−0.00 184.0 64
14 AO 0235+164 9.0 1.420+0.060−0.059 5.84
+0.35
−0.34 55.6 64
15 NGC 1614 6.1 1.530+0.071−0.071 5.09
+0.36
−0.35 110.5 64
16 NGC 1667(∗) 5.5 1.612+0.000−0.000 5.43+0.00−0.00 131.3 64
17 4C 41.17 10.4 1.632+0.073−0.072 5.26
+0.38
−0.37 77.8 64
18 NGC 3690 0.9 1.434+0.067−0.065 5.32
+0.36
−0.35 90.5 64
19 K416 1.8 1.459+0.070−0.068 4.75
+0.34
−0.33 65.6 64
20 NGC 4449 1.4 1.460+0.057−0.055 5.41
+0.31
−0.30 73.0 64
21 PHL 5200(∗) 5.2 1.572+0.000−0.000 6.66+0.00−0.00 162.8 64
22 NGC 4418 2.1 1.444+0.060−0.058 5.88
+0.35
−0.34 91.1 64
23 GSGP 4 1.9 1.493+0.028−0.028 5.83
+0.17
−0.17 98.5 64
24 DI PEG 4.0 1.462+0.067−0.066 5.86
+0.39
−0.38 96.2 64
25 PG 1404+226 2.1 1.513+0.075−0.072 5.75
+0.43
−0.42 94.4 64
26 IRAS 15307+325 2.0 1.424+0.053−0.053 5.91
+0.31
−0.31 70.0 64
27 Z SYSTEM 2.2 1.490+0.031−0.031 5.58
+0.17
−0.17 77.8 64
28 MG 2016+112(∗) 15.5 1.679+0.000−0.000 5.61+0.00−0.00 356.7 64
29 IRAS 20460+192(∗) 11.2 1.711+0.000−0.000 5.15+0.00−0.00 143.9 64
30 BLANK SKY 13.4 1.593+0.065−0.064 5.53
+0.35
−0.34 89.0 64
31 EPSILON CMA(∗) 14.8 1.736+0.000−0.000 4.76+0.00−0.00 133.1 64
32 OJ 287 3.0 1.583+0.050−0.050 4.68
+0.24
−0.23 109.2 64
33 RASS 1011+1736 3.2 1.489+0.053−0.053 5.51
+0.29
−0.29 78.0 64
34 XY LEO 3.3 1.503+0.092−0.089 4.95
+0.46
−0.44 82.3 64
35 Mrk 231 1.3 1.446+0.029−0.028 5.72
+0.17
−0.16 88.1 64
36 NGC 7320(∗) 7.9 1.583+0.000−0.000 5.52+0.00−0.00 143.8 64
37 CN LEO 2.9 1.549+0.055−0.054 5.34
+0.30
−0.29 70.5 64
38 Mrk 273 1.1 1.560+0.074−0.073 4.39
+0.33
−0.32 100.4 64
39 NGC 5135 4.6 1.600+0.063−0.062 5.18
+0.32
−0.32 99.6 64
40 Q1508+5714 1.5 1.429+0.044−0.043 5.89
+0.26
−0.26 76.9 64
41 GB 930704 5.2 1.529+0.074−0.072 5.11
+0.37
−0.36 88.4 64
42 NGC 4125 1.8 1.474+0.063−0.063 5.67
+0.36
−0.36 61.6 64
43 TXFS 1011+144 3.9 1.444+0.060−0.058 5.57
+0.33
−0.33 80.4 64
44 MS 1054.5−0321 3.6 1.445+0.047−0.047 6.29+0.30−0.29 74.4 64
45 CL 2236−04 4.0 1.421+0.067−0.066 5.50+0.37−0.36 81.7 64
46 PG 1247+267 0.9 1.394+0.067−0.065 6.05
+0.41
−0.40 85.1 64
47 NGC 4450 2.4 1.568+0.066−0.065 5.67
+0.38
−0.37 83.8 64
48 QSO CLUSTER 1.1 1.515+0.028−0.028 5.82
+0.16
−0.16 99.5 64
49 NGC 5084 8.2 1.585+0.077−0.076 5.24
+0.40
−0.39 120.3 64




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.397+0.069−0.069 5.59
+0.39
−0.38 86.5 64
52 NGC 1332 2.2 1.501+0.050−0.049 5.57
+0.28
−0.27 80.8 64
53 PKS 0634−205(∗) 22.3 1.557+0.000−0.000 5.70+0.00−0.00 146.2 64
54 IRAS 20551−425 3.9 1.632+0.069−0.066 5.21+0.36−0.35 68.5 64
55 HS 1946+7658 7.6 1.624+0.054−0.052 5.68
+0.30
−0.29 64.1 64
56 RGH 12 1.5 1.465+0.057−0.056 5.31
+0.30
−0.30 77.7 64
57 UKMS 1 0.8 1.466+0.049−0.047 5.67
+0.28
−0.27 70.3 64
58 F568−06 2.0 1.425+0.056−0.054 6.02+0.34−0.33 64.5 64
59 NGC 7217 10.5 1.676+0.054−0.052 4.93
+0.26
−0.26 92.5 64
60 NGC 1672 2.3 1.508+0.070−0.069 5.26
+0.38
−0.37 81.5 64
61 BJS 855 4.0 1.501+0.053−0.052 5.91
+0.31
−0.31 80.2 64
62 PG 1148+549 1.2 1.513+0.061−0.060 5.87
+0.36
−0.35 67.5 64
63 IRAS 00317−2142 1.6 1.506+0.068−0.066 5.63+0.39−0.38 89.4 64
64 NGC 5005 1.1 1.384+0.068−0.066 6.16
+0.42
−0.41 87.1 64
65 NGC 5018 7.0 1.551+0.059−0.057 5.57
+0.32
−0.32 99.2 64
66 4C 38.41 1.0 1.510+0.071−0.070 5.58
+0.41
−0.39 73.3 64
67 AR UMa 1.8 1.505+0.045−0.043 6.12
+0.27
−0.27 61.6 64
68 PG 1114+445 1.8 1.457+0.053−0.053 5.81
+0.32
−0.31 83.1 64
69 HE 1104−1805 4.6 1.562+0.066−0.065 5.48+0.37−0.36 82.8 64
70 RX J1716.6+670 3.7 1.442+0.048−0.048 5.55
+0.27
−0.26 71.0 64
71 B2 1308+326 1.1 1.468+0.073−0.070 5.39
+0.40
−0.39 113.6 64
72 Q2345+007 3.8 1.535+0.046−0.045 5.20
+0.24
−0.24 75.5 64
73 IRAS 00235+102 5.1 1.453+0.055−0.054 6.06
+0.34
−0.33 66.0 64
74 NGC 612(∗) 1.8 1.532+0.000−0.000 5.32+0.00−0.00 128.8 64
75 CL 0024+17 4.2 1.460+0.059−0.058 6.05
+0.36
−0.35 86.2 64
76 NGC 315 5.9 1.531+0.067−0.065 5.48
+0.37
−0.36 94.5 64
77 MS 0302.7+1658 10.9 1.650+0.041−0.041 4.77
+0.19
−0.19 112.3 64
78 V 471 TAURI 15.8 1.428+0.065−0.063 6.43
+0.40
−0.39 100.8 64
79 RX J1802+1804(∗) 8.5 1.578+0.000−0.000 6.03+0.00−0.00 159.6 64
80 A548 1.9 1.666+0.040−0.039 5.33
+0.21
−0.21 75.3 64
81 IRAS 19254−7245(∗) 6.0 1.816+0.000−0.000 4.65+0.00−0.00 251.0 64
82 IRAS 07598+6508 4.3 1.603+0.061−0.058 5.13
+0.31
−0.30 76.1 64
83 HERC-1(∗) 2.4 1.449+0.000−0.000 6.12+0.00−0.00 136.4 64
84 IRAS 08572+3915 2.6 1.501+0.069−0.068 5.80
+0.40
−0.39 62.6 64
85 A851 1.2 1.471+0.039−0.039 5.42
+0.22
−0.21 87.0 64
86 NGC 7130 2.0 1.560+0.067−0.065 5.01
+0.34
−0.33 75.7 64
87 10303+7401 4.1 1.513+0.052−0.052 6.02
+0.32
−0.31 77.4 64
88 4C 06.41 2.8 1.507+0.047−0.046 5.45
+0.26
−0.26 80.7 64
89 M96 2.8 1.538+0.055−0.053 5.24
+0.29
−0.28 76.1 64
90 IC 2560 6.5 1.411+0.057−0.055 6.42
+0.36
−0.35 84.8 64
91 PG 0043+039 3.3 1.464+0.043−0.041 5.75
+0.24
−0.24 102.3 64
– average – 1.501+0.007−0.007 5.53
+0.04
−0.04 – –
– standard deviation – 0.057+0.006−0.006 0.34
+0.03
−0.04 – –
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Table A.3: Results of the single power-law ﬁt (> 1.0 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS 1.1 1.461+0.029−0.029 5.58
+0.16
−0.15 86.7 59
2 c-LSS 1.1 1.480+0.028−0.029 5.45
+0.15
−0.15 69.9 59
3 d-LSS 1.1 1.488+0.033−0.033 5.61
+0.18
−0.18 74.9 59
4 DRACO 4.2 1.456+0.043−0.043 5.46
+0.22
−0.22 95.0 59
5 JUPITER 2.2 1.533+0.076−0.074 5.46
+0.39
−0.38 64.7 59
6 NEP FIELD(∗) 4.2 1.416+0.000−0.000 5.56+0.00−0.00 139.2 59
7 QSF 3 1.6 1.387+0.041−0.040 6.08
+0.24
−0.23 67.3 59
8 ARP 220 4.3 1.521+0.067−0.066 5.46
+0.34
−0.34 85.7 59
9 3C 368 9.1 1.576+0.070−0.069 5.86
+0.38
−0.37 102.7 59
10 IRAS F10214+4724 1.2 1.407+0.031−0.031 6.26
+0.19
−0.19 110.8 59
11 IRAS 09104 1.0 1.270+0.070−0.068 6.83
+0.46
−0.45 46.0 59
12 MNVTEST 1.8 1.499+0.051−0.049 5.66
+0.27
−0.27 71.9 59
13 SN 1986J 7.5 1.644+0.041−0.041 6.19
+0.24
−0.24 99.1 59
14 AO 0235+164 9.0 1.390+0.063−0.061 5.94
+0.35
−0.35 43.3 59
15 NGC 1614 6.1 1.479+0.075−0.073 5.24
+0.37
−0.36 94.5 59
16 NGC 1667 5.5 1.533+0.062−0.062 5.69
+0.33
−0.33 94.2 59
17 4C 41.17 10.4 1.590+0.078−0.075 5.38
+0.39
−0.38 69.1 59
18 NGC 3690 0.9 1.398+0.070−0.070 5.44
+0.37
−0.36 76.5 59
19 K416 1.8 1.440+0.075−0.072 4.81
+0.35
−0.34 60.4 59
20 NGC 4449 1.4 1.403+0.059−0.058 5.59
+0.32
−0.31 49.3 59
21 PHL 5200 5.2 1.516+0.036−0.035 6.88
+0.23
−0.23 100.9 59
22 NGC 4418 2.1 1.393+0.063−0.061 6.06
+0.36
−0.35 67.4 59
23 GSGP 4 1.9 1.457+0.030−0.030 5.95
+0.17
−0.17 68.2 59
24 DI PEG 4.0 1.398+0.070−0.068 6.07
+0.40
−0.39 73.8 59
25 PG 1404+226 2.1 1.449+0.078−0.075 5.98
+0.45
−0.43 76.5 59
26 IRAS 15307+325 2.0 1.373+0.056−0.054 6.08
+0.32
−0.32 43.2 59
27 Z SYSTEM 2.2 1.465+0.033−0.033 5.66
+0.18
−0.18 59.0 59
28 MG 2016+112 15.5 1.577+0.034−0.034 5.96
+0.19
−0.18 102.9 59
29 IRAS 20460+192 11.2 1.606+0.071−0.069 5.50
+0.36
−0.35 83.4 59
30 BLANK SKY 13.4 1.528+0.067−0.066 5.73
+0.36
−0.35 52.7 59
31 EPSILON CMA 14.8 1.659+0.068−0.066 4.99
+0.31
−0.31 92.5 59
32 OJ 287 3.0 1.531+0.053−0.051 4.84
+0.25
−0.24 84.9 59
33 RASS 1011+1736 3.2 1.470+0.057−0.056 5.57
+0.30
−0.29 72.8 59
34 XY LEO 3.3 1.454+0.096−0.093 5.11
+0.47
−0.45 72.7 59
35 Mrk 231 1.3 1.416+0.030−0.030 5.83
+0.17
−0.17 66.0 59
36 NGC 7320 7.9 1.487+0.069−0.069 5.86
+0.38
−0.37 92.1 59
37 CN LEO 2.9 1.511+0.059−0.057 5.46
+0.31
−0.30 60.3 59
38 Mrk 273 1.1 1.491+0.077−0.075 4.59
+0.34
−0.33 69.8 59
39 NGC 5135 4.6 1.542+0.065−0.065 5.37
+0.33
−0.33 70.0 59
40 Q1508+5714 1.5 1.393+0.046−0.046 6.01
+0.27
−0.26 57.0 59
41 GB 930704 5.2 1.457+0.076−0.074 5.33
+0.38
−0.37 65.3 59
42 NGC 4125 1.8 1.418+0.067−0.065 5.86
+0.37
−0.37 44.1 59
43 TXFS 1011+144 3.9 1.402+0.062−0.061 5.71
+0.34
−0.33 67.0 59
44 MS 1054.5−0321 3.6 1.422+0.050−0.049 6.37+0.30−0.30 65.0 59
45 CL 2236−04 4.0 1.397+0.072−0.070 5.58+0.38−0.37 71.4 59
46 PG 1247+267 0.9 1.341+0.069−0.068 6.24
+0.42
−0.41 69.4 59
47 NGC 4450 2.4 1.508+0.070−0.067 5.88
+0.39
−0.38 68.2 59
48 QSO CLUSTER 1.1 1.486+0.030−0.029 5.91
+0.17
−0.17 77.7 59
49 NGC 5084 8.2 1.484+0.078−0.076 5.58
+0.41
−0.40 74.0 59




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.357+0.073−0.071 5.72
+0.40
−0.39 76.1 59
52 NGC 1332 2.2 1.449+0.052−0.051 5.74
+0.29
−0.28 56.4 59
53 PKS 0634−205 22.3 1.469+0.071−0.070 5.99+0.38−0.37 89.4 59
54 IRAS 20551−425 3.9 1.586+0.073−0.070 5.35+0.37−0.36 56.2 59
55 HS 1946+7658 7.6 1.571+0.056−0.055 5.86
+0.31
−0.30 40.5 59
56 RGH 12 1.5 1.413+0.060−0.058 5.47
+0.31
−0.31 53.8 59
57 UKMS 1 0.8 1.436+0.051−0.050 5.77
+0.28
−0.28 58.5 59
58 F568−06 2.0 1.410+0.059−0.058 6.07+0.35−0.34 59.4 59
59 NGC 7217 10.5 1.619+0.055−0.054 5.11
+0.27
−0.26 55.6 59
60 NGC 1672 2.3 1.459+0.074−0.072 5.41
+0.39
−0.38 63.1 59
61 BJS 855 4.0 1.457+0.055−0.055 6.05
+0.32
−0.31 64.7 59
62 PG 1148+549 1.2 1.485+0.065−0.064 5.97
+0.37
−0.36 61.2 59
63 IRAS 00317−2142 1.6 1.462+0.071−0.070 5.78+0.40−0.39 73.1 59
64 NGC 5005 1.1 1.339+0.071−0.069 6.33
+0.43
−0.42 71.8 59
65 NGC 5018 7.0 1.483+0.060−0.060 5.80
+0.33
−0.33 62.0 59
66 4C 38.41 1.0 1.462+0.075−0.073 5.74
+0.42
−0.41 64.4 59
67 AR UMa 1.8 1.479+0.047−0.046 6.21
+0.28
−0.27 53.2 59
68 PG 1114+445 1.8 1.436+0.058−0.056 5.89
+0.33
−0.32 79.2 59
69 HE 1104−1805 4.6 1.515+0.070−0.068 5.64+0.38−0.37 65.8 59
70 RX J1716.6+670 3.7 1.400+0.050−0.050 5.69
+0.28
−0.27 50.8 59
71 B2 1308+326 1.1 1.434+0.076−0.075 5.50
+0.41
−0.40 95.1 59
72 Q2345+007 3.8 1.496+0.048−0.047 5.32
+0.25
−0.24 57.8 59
73 IRAS 00235+102 5.1 1.436+0.059−0.058 6.12
+0.34
−0.34 59.6 59
74 NGC 612 1.8 1.478+0.046−0.045 5.50
+0.24
−0.24 87.7 59
75 CL 0024+17 4.2 1.410+0.061−0.060 6.23
+0.37
−0.36 69.5 59
76 NGC 315 5.9 1.496+0.070−0.068 5.59
+0.38
−0.37 85.5 59
77 MS 0302.7+1658 10.9 1.617+0.044−0.043 4.86
+0.20
−0.20 99.5 59
78 V 471 TAURI 15.8 1.393+0.067−0.066 6.56
+0.41
−0.40 91.7 59
79 RX J1802+1804 8.5 1.492+0.048−0.047 6.34
+0.29
−0.28 82.5 59
80 A548 1.9 1.627+0.042−0.042 5.45
+0.22
−0.22 59.7 59
81 IRAS 19254−7245 6.0 1.625+0.073−0.072 5.26+0.36−0.35 83.1 59
82 IRAS 07598+6508 4.3 1.578+0.064−0.063 5.21
+0.32
−0.31 69.4 59
83 HERC-1 2.4 1.384+0.055−0.054 6.37
+0.33
−0.33 98.1 59
84 IRAS 08572+3915 2.6 1.459+0.073−0.071 5.94
+0.41
−0.40 52.1 59
85 A851 1.2 1.436+0.042−0.041 5.54
+0.22
−0.22 68.7 59
86 NGC 7130 2.0 1.513+0.071−0.068 5.15
+0.35
−0.34 61.9 59
87 10303+7401 4.1 1.486+0.056−0.055 6.12
+0.33
−0.32 69.9 59
88 4C 06.41 2.8 1.479+0.051−0.049 5.54
+0.27
−0.26 72.5 59
89 M96 2.8 1.511+0.058−0.057 5.32
+0.30
−0.29 67.6 59
90 IC 2560 6.5 1.368+0.059−0.058 6.58
+0.36
−0.36 64.6 59
91 PG 0043+039 3.3 1.429+0.044−0.044 5.87
+0.25
−0.25 81.8 59
– average – 1.473+0.007−0.007 5.72
+0.04
−0.04 – –
– standard deviation – 0.062+0.006−0.006 0.37
+0.03
−0.04 – –
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Table A.4: Results of the single power-law ﬁt (> 1.2 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS 1.1 1.439+0.032−0.031 5.64
+0.16
−0.16 76.3 55
2 c-LSS 1.1 1.450+0.032−0.030 5.53
+0.15
−0.15 51.6 55
3 d-LSS 1.1 1.459+0.036−0.036 5.70
+0.18
−0.18 62.7 55
4 DRACO 4.2 1.416+0.047−0.046 5.57
+0.23
−0.23 78.6 55
5 JUPITER 2.2 1.529+0.084−0.082 5.47
+0.40
−0.39 60.0 55
6 NEP FIELD 4.2 1.369+0.035−0.035 5.70
+0.18
−0.18 105.8 55
7 QSF 3 1.6 1.356+0.045−0.043 6.18
+0.24
−0.24 59.0 55
8 ARP 220 4.3 1.466+0.071−0.071 5.63
+0.36
−0.35 54.2 55
9 3C 368 9.1 1.498+0.074−0.072 6.09
+0.39
−0.38 76.1 55
10 IRAS F10214+4724 1.2 1.383+0.034−0.034 6.34
+0.19
−0.19 98.2 55
11 IRAS 09104 1.0 1.246+0.076−0.073 6.91
+0.47
−0.46 42.1 55
12 MNVTEST 1.8 1.453+0.054−0.053 5.80
+0.28
−0.27 57.8 55
13 SN 1986J 7.5 1.587+0.045−0.044 6.38
+0.25
−0.25 73.5 55
14 AO 0235+164 9.0 1.421+0.070−0.068 5.84
+0.36
−0.36 38.0 55
15 NGC 1614 6.1 1.427+0.080−0.078 5.39
+0.38
−0.37 85.0 55
16 NGC 1667 5.5 1.478+0.068−0.066 5.86
+0.34
−0.34 78.7 55
17 4C 41.17 10.4 1.564+0.084−0.081 5.46
+0.40
−0.39 64.3 55
18 NGC 3690 0.9 1.348+0.076−0.074 5.59
+0.38
−0.37 67.5 55
19 K416 1.8 1.403+0.080−0.078 4.90
+0.36
−0.35 54.4 55
20 NGC 4449 1.4 1.405+0.065−0.063 5.59
+0.33
−0.32 45.6 55
21 PHL 5200 5.2 1.471+0.038−0.038 7.04
+0.24
−0.23 75.2 55
22 NGC 4418 2.1 1.367+0.068−0.066 6.14
+0.37
−0.36 64.4 55
23 GSGP 4 1.9 1.437+0.032−0.033 6.01
+0.18
−0.18 59.7 55
24 DI PEG 4.0 1.389+0.075−0.074 6.11
+0.41
−0.40 64.9 55
25 PG 1404+226 2.1 1.410+0.084−0.081 6.11
+0.46
−0.45 67.4 55
26 IRAS 15307+325 2.0 1.363+0.061−0.059 6.11
+0.33
−0.32 35.8 55
27 Z SYSTEM 2.2 1.436+0.036−0.035 5.75
+0.18
−0.18 45.8 55
28 MG 2016+112 15.5 1.538+0.037−0.036 6.07
+0.19
−0.19 68.2 55
29 IRAS 20460+192 11.2 1.538+0.075−0.074 5.71
+0.38
−0.37 66.9 55
30 BLANK SKY 13.4 1.498+0.072−0.070 5.82
+0.37
−0.36 42.4 55
31 EPSILON CMA 14.8 1.605+0.072−0.071 5.14
+0.33
−0.32 78.6 55
32 OJ 287 3.0 1.492+0.057−0.057 4.94
+0.26
−0.25 76.7 55
33 RASS 1011+1736 3.2 1.452+0.062−0.061 5.62
+0.31
−0.30 71.4 55
34 XY LEO 3.3 1.414+0.104−0.101 5.22
+0.49
−0.47 66.4 55
35 Mrk 231 1.3 1.394+0.033−0.033 5.89
+0.18
−0.17 51.8 55
36 NGC 7320 7.9 1.434+0.074−0.073 6.03
+0.39
−0.39 75.7 55
37 CN LEO 2.9 1.491+0.064−0.062 5.52
+0.32
−0.31 57.4 55
38 Mrk 273 1.1 1.454+0.083−0.082 4.68
+0.35
−0.34 64.4 55
39 NGC 5135 4.6 1.506+0.071−0.070 5.47
+0.35
−0.34 65.9 55
40 Q1508+5714 1.5 1.363+0.050−0.049 6.11
+0.28
−0.27 48.0 55
41 GB 930704 5.2 1.412+0.081−0.079 5.45
+0.39
−0.39 59.0 55
42 NGC 4125 1.8 1.390+0.072−0.070 5.94
+0.38
−0.38 39.0 55
43 TXFS 1011+144 3.9 1.409+0.069−0.067 5.69
+0.35
−0.34 63.8 55
44 MS 1054.5−0321 3.6 1.404+0.054−0.054 6.43+0.31−0.31 60.7 55
45 CL 2236−04 4.0 1.380+0.078−0.076 5.63+0.39−0.38 68.7 55
46 PG 1247+267 0.9 1.328+0.075−0.074 6.29
+0.43
−0.42 66.7 55
47 NGC 4450 2.4 1.473+0.075−0.073 5.99
+0.40
−0.39 63.6 55
48 QSO CLUSTER 1.1 1.486+0.033−0.032 5.92
+0.17
−0.17 71.6 55
49 NGC 5084 8.2 1.425+0.083−0.081 5.75
+0.42
−0.41 63.6 55




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.327+0.079−0.077 5.81
+0.41
−0.40 72.3 55
52 NGC 1332 2.2 1.420+0.056−0.056 5.83
+0.30
−0.29 49.7 55
53 PKS 0634−205 22.3 1.408+0.075−0.074 6.18+0.39−0.39 73.7 55
54 IRAS 20551−425 3.9 1.564+0.079−0.076 5.41+0.38−0.37 54.1 55
55 HS 1946+7658 7.6 1.547+0.061−0.060 5.92
+0.32
−0.31 33.6 55
56 RGH 12 1.5 1.377+0.065−0.064 5.58
+0.33
−0.32 46.7 55
57 UKMS 1 0.8 1.428+0.056−0.054 5.79
+0.29
−0.29 57.2 55
58 F568−06 2.0 1.382+0.064−0.063 6.16+0.36−0.35 55.7 55
59 NGC 7217 10.5 1.592+0.060−0.059 5.18
+0.28
−0.27 51.5 55
60 NGC 1672 2.3 1.481+0.082−0.080 5.35
+0.40
−0.39 56.1 55
61 BJS 855 4.0 1.449+0.061−0.059 6.07
+0.33
−0.32 61.9 55
62 PG 1148+549 1.2 1.454+0.071−0.069 6.07
+0.39
−0.38 50.5 55
63 IRAS 00317−2142 1.6 1.462+0.078−0.077 5.77+0.41−0.40 66.6 55
64 NGC 5005 1.1 1.289+0.076−0.075 6.49
+0.44
−0.43 62.2 55
65 NGC 5018 7.0 1.450+0.065−0.064 5.89
+0.34
−0.33 52.9 55
66 4C 38.41 1.0 1.458+0.082−0.081 5.76
+0.43
−0.42 60.5 55
67 AR UMa 1.8 1.480+0.052−0.051 6.20
+0.29
−0.28 51.9 55
68 PG 1114+445 1.8 1.402+0.062−0.061 6.00
+0.34
−0.33 70.3 55
69 HE 1104−1805 4.6 1.500+0.076−0.074 5.68+0.39−0.38 61.8 55
70 RX J1716.6+670 3.7 1.381+0.055−0.054 5.74
+0.28
−0.28 45.1 55
71 B2 1308+326 1.1 1.402+0.083−0.080 5.59
+0.42
−0.41 83.0 55
72 Q2345+007 3.8 1.474+0.052−0.051 5.38
+0.25
−0.25 52.8 55
73 IRAS 00235+102 5.1 1.425+0.065−0.063 6.15
+0.35
−0.35 54.0 55
74 NGC 612 1.8 1.458+0.050−0.050 5.55
+0.25
−0.25 77.8 55
75 CL 0024+17 4.2 1.398+0.066−0.066 6.27
+0.38
−0.37 54.5 55
76 NGC 315 5.9 1.494+0.077−0.075 5.59
+0.39
−0.38 84.8 55
77 MS 0302.7+1658 10.9 1.590+0.047−0.047 4.93
+0.21
−0.20 94.2 55
78 V 471 TAURI 15.8 1.347+0.071−0.070 6.71
+0.42
−0.41 76.5 55
79 RX J1802+1804 8.5 1.438+0.051−0.050 6.53
+0.30
−0.29 59.6 55
80 A548 1.9 1.597+0.046−0.046 5.54
+0.23
−0.22 52.5 55
81 IRAS 19254−7245 6.0 1.541+0.078−0.075 5.50+0.37−0.37 61.3 55
82 IRAS 07598+6508 4.3 1.530+0.069−0.067 5.34
+0.33
−0.32 61.6 55
83 HERC-1 2.4 1.327+0.059−0.057 6.56
+0.35
−0.34 81.3 55
84 IRAS 08572+3915 2.6 1.449+0.079−0.078 5.97
+0.42
−0.41 50.5 55
85 A851 1.2 1.412+0.045−0.045 5.61
+0.23
−0.23 63.0 55
86 NGC 7130 2.0 1.475+0.076−0.074 5.25
+0.36
−0.35 56.8 55
87 10303+7401 4.1 1.484+0.062−0.059 6.12
+0.33
−0.33 66.6 55
88 4C 06.41 2.8 1.477+0.056−0.054 5.55
+0.28
−0.27 72.2 55
89 M96 2.8 1.507+0.063−0.062 5.33
+0.30
−0.30 63.4 55
90 IC 2560 6.5 1.336+0.064−0.062 6.68
+0.38
−0.37 59.6 55
91 PG 0043+039 3.3 1.405+0.048−0.048 5.94
+0.26
−0.25 70.9 55
– average – 1.444+0.007−0.007 5.80
+0.04
−0.04 – –
– standard deviation – 0.057+0.005−0.006 0.37
+0.03
−0.04 – –
94 APPENDIX A. RESULTS OF THE SPECTRAL FITS FOR THE 91 FIELDS
Table A.5: Results of the single power-law ﬁt (> 1.6 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS 1.1 1.407+0.039−0.039 5.72
+0.17
−0.17 67.6 47
2 c-LSS 1.1 1.423+0.039−0.039 5.59
+0.16
−0.16 42.9 47
3 d-LSS 1.1 1.415+0.045−0.044 5.80
+0.20
−0.19 53.2 47
4 DRACO 4.2 1.378+0.058−0.057 5.66
+0.24
−0.24 64.2 47
5 JUPITER 2.2 1.416+0.103−0.100 5.73
+0.43
−0.42 44.6 47
6 NEP FIELD 4.2 1.300+0.044−0.044 5.87
+0.19
−0.19 77.7 47
7 QSF 3 1.6 1.295+0.054−0.054 6.32
+0.26
−0.25 39.9 47
8 ARP 220 4.3 1.414+0.089−0.087 5.76
+0.38
−0.37 45.2 47
9 3C 368 9.1 1.451+0.092−0.089 6.21
+0.42
−0.41 66.5 47
10 IRAS F10214+4724 1.2 1.350+0.043−0.043 6.42
+0.21
−0.20 88.0 47
11 IRAS 09104 1.0 1.215+0.093−0.092 7.01
+0.50
−0.49 37.0 47
12 MNVTEST 1.8 1.407+0.067−0.066 5.91
+0.29
−0.29 49.5 47
13 SN 1986J 7.5 1.506+0.055−0.054 6.61
+0.27
−0.26 46.0 47
14 AO 0235+164 9.0 1.411+0.088−0.085 5.87
+0.39
−0.38 34.5 47
15 NGC 1614 6.1 1.382+0.099−0.096 5.50
+0.41
−0.40 72.1 47
16 NGC 1667 5.5 1.373+0.082−0.079 6.12
+0.37
−0.36 54.1 47
17 4C 41.17 10.4 1.537+0.105−0.102 5.51
+0.43
−0.42 53.3 47
18 NGC 3690 0.9 1.339+0.097−0.095 5.61
+0.41
−0.40 52.2 47
19 K416 1.8 1.404+0.100−0.097 4.92
+0.37
−0.36 41.8 47
20 NGC 4449 1.4 1.402+0.082−0.080 5.59
+0.35
−0.34 43.5 47
21 PHL 5200 5.2 1.429+0.048−0.047 7.18
+0.25
−0.25 52.5 47
22 NGC 4418 2.1 1.326+0.084−0.083 6.25
+0.39
−0.38 55.9 47
23 GSGP 4 1.9 1.389+0.041−0.040 6.13
+0.19
−0.19 47.8 47
24 DI PEG 4.0 1.371+0.095−0.093 6.15
+0.43
−0.42 61.0 47
25 PG 1404+226 2.1 1.359+0.102−0.100 6.25
+0.49
−0.48 59.7 47
26 IRAS 15307+325 2.0 1.334+0.075−0.074 6.19
+0.35
−0.34 32.5 47
27 Z SYSTEM 2.2 1.402+0.044−0.045 5.83
+0.20
−0.19 38.9 47
28 MG 2016+112 15.5 1.484+0.045−0.044 6.21
+0.20
−0.20 39.6 47
29 IRAS 20460+192 11.2 1.448+0.093−0.090 5.93
+0.40
−0.39 53.9 47
30 BLANK SKY 13.4 1.493+0.089−0.088 5.83
+0.38
−0.38 40.6 47
31 EPSILON CMA 14.8 1.528+0.089−0.087 5.30
+0.35
−0.34 59.7 47
32 OJ 287 3.0 1.429+0.071−0.070 5.09
+0.28
−0.27 65.0 47
33 RASS 1011+1736 3.2 1.417+0.078−0.077 5.71
+0.33
−0.32 57.9 47
34 XY LEO 3.3 1.307+0.127−0.123 5.45
+0.53
−0.51 56.0 47
35 Mrk 231 1.3 1.375+0.042−0.041 5.94
+0.19
−0.18 43.6 47
36 NGC 7320 7.9 1.366+0.092−0.090 6.21
+0.42
−0.41 66.4 47
37 CN LEO 2.9 1.456+0.080−0.078 5.61
+0.34
−0.33 50.2 47
38 Mrk 273 1.1 1.378+0.101−0.098 4.84
+0.38
−0.37 46.4 47
39 NGC 5135 4.6 1.469+0.089−0.086 5.55
+0.37
−0.36 62.7 47
40 Q1508+5714 1.5 1.350+0.063−0.063 6.15
+0.29
−0.29 40.5 47
41 GB 930704 5.2 1.389+0.102−0.098 5.51
+0.42
−0.41 49.5 47
42 NGC 4125 1.8 1.404+0.092−0.089 5.90
+0.40
−0.39 37.0 47
43 TXFS 1011+144 3.9 1.359+0.084−0.081 5.80
+0.37
−0.36 56.8 47
44 MS 1054.5−0321 3.6 1.356+0.067−0.066 6.54+0.33−0.33 47.8 47
45 CL 2236−04 4.0 1.387+0.099−0.096 5.63+0.42−0.41 59.2 47
46 PG 1247+267 0.9 1.325+0.095−0.092 6.30
+0.45
−0.44 55.3 47
47 NGC 4450 2.4 1.428+0.093−0.090 6.12
+0.43
−0.42 52.0 47
48 QSO CLUSTER 1.1 1.478+0.042−0.041 5.93
+0.18
−0.18 69.6 47
49 NGC 5084 8.2 1.349+0.101−0.098 5.95
+0.45
−0.44 43.2 47




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.343+0.100−0.098 5.79
+0.43
−0.42 53.4 47
52 NGC 1332 2.2 1.395+0.071−0.070 5.90
+0.31
−0.31 40.7 47
53 PKS 0634−205 22.3 1.355+0.092−0.090 6.31+0.42−0.41 65.4 47
54 IRAS 20551−425 3.9 1.529+0.100−0.096 5.50+0.41−0.40 50.4 47
55 HS 1946+7658 7.6 1.513+0.077−0.075 6.01
+0.34
−0.33 26.5 47
56 RGH 12 1.5 1.345+0.082−0.081 5.64
+0.35
−0.34 38.6 47
57 UKMS 1 0.8 1.434+0.070−0.068 5.78
+0.31
−0.30 40.2 47
58 F568−06 2.0 1.389+0.082−0.080 6.15+0.38−0.37 48.0 47
59 NGC 7217 10.5 1.597+0.077−0.075 5.17
+0.30
−0.29 44.3 47
60 NGC 1672 2.3 1.443+0.103−0.099 5.43
+0.42
−0.41 48.1 47
61 BJS 855 4.0 1.484+0.078−0.076 6.01
+0.35
−0.34 46.9 47
62 PG 1148+549 1.2 1.450+0.089−0.088 6.08
+0.41
−0.40 44.8 47
63 IRAS 00317−2142 1.6 1.470+0.101−0.097 5.75+0.44−0.42 51.2 47
64 NGC 5005 1.1 1.258+0.094−0.091 6.58
+0.47
−0.45 53.6 47
65 NGC 5018 7.0 1.435+0.080−0.079 5.94
+0.36
−0.35 46.1 47
66 4C 38.41 1.0 1.456+0.107−0.103 5.76
+0.46
−0.45 56.6 47
67 AR UMa 1.8 1.469+0.066−0.064 6.24
+0.30
−0.30 49.5 47
68 PG 1114+445 1.8 1.376+0.077−0.077 6.08
+0.36
−0.35 57.0 47
69 HE 1104−1805 4.6 1.495+0.096−0.094 5.70+0.41−0.40 57.7 47
70 RX J1716.6+670 3.7 1.363+0.069−0.068 5.79
+0.30
−0.30 41.5 47
71 B2 1308+326 1.1 1.340+0.100−0.097 5.73
+0.44
−0.43 74.4 47
72 Q2345+007 3.8 1.481+0.066−0.065 5.37
+0.27
−0.26 47.4 47
73 IRAS 00235+102 5.1 1.437+0.083−0.081 6.12
+0.38
−0.37 51.0 47
74 NGC 612 1.8 1.436+0.064−0.062 5.61
+0.27
−0.26 59.9 47
75 CL 0024+17 4.2 1.386+0.082−0.081 6.31
+0.40
−0.39 41.2 47
76 NGC 315 5.9 1.500+0.098−0.095 5.58
+0.41
−0.40 76.0 47
77 MS 0302.7+1658 10.9 1.520+0.058−0.057 5.07
+0.22
−0.22 76.1 47
78 V 471 TAURI 15.8 1.322+0.088−0.086 6.80
+0.45
−0.44 58.0 47
79 RX J1802+1804 8.5 1.388+0.063−0.062 6.67
+0.31
−0.31 42.8 47
80 A548 1.9 1.571+0.060−0.058 5.59
+0.24
−0.24 43.9 47
81 IRAS 19254−7245 6.0 1.497+0.096−0.093 5.62+0.40−0.39 39.6 47
82 IRAS 07598+6508 4.3 1.469+0.084−0.083 5.47
+0.35
−0.34 50.2 47
83 HERC-1 2.4 1.264+0.073−0.071 6.73
+0.37
−0.36 69.2 47
84 IRAS 08572+3915 2.6 1.431+0.101−0.098 6.01
+0.45
−0.44 46.1 47
85 A851 1.2 1.402+0.058−0.056 5.64
+0.25
−0.24 56.6 47
86 NGC 7130 2.0 1.488+0.099−0.096 5.21
+0.39
−0.37 46.7 47
87 10303+7401 4.1 1.451+0.075−0.074 6.22
+0.35
−0.35 53.8 47
88 4C 06.41 2.8 1.402+0.068−0.067 5.72
+0.30
−0.29 56.2 47
89 M96 2.8 1.479+0.079−0.077 5.39
+0.32
−0.31 57.5 47
90 IC 2560 6.5 1.303+0.078−0.076 6.78
+0.39
−0.39 47.8 47
91 PG 0043+039 3.3 1.382+0.059−0.059 5.99
+0.27
−0.27 62.1 47
– average – 1.410+0.007−0.007 5.88
+0.04
−0.04 – –
– standard deviation – 0.051+0.006−0.007 0.38
+0.03
−0.04 – –
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Table A.6: Results of the single power-law ﬁt (> 2.0 keV).
Field ID Field Name NH Γ FX χ
2 d.o.f.
1 b-LSS 1.1 1.418+0.055−0.054 5.70
+0.18
−0.18 57.5 38
2 c-LSS 1.1 1.400+0.053−0.054 5.63
+0.17
−0.17 37.9 38
3 d-LSS 1.1 1.432+0.063−0.062 5.76
+0.20
−0.20 39.3 38
4 DRACO 4.2 1.438+0.081−0.080 5.58
+0.25
−0.25 54.0 38
5 JUPITER 2.2 1.342+0.141−0.139 5.83
+0.46
−0.45 38.1 38
6 NEP FIELD 4.2 1.221+0.061−0.060 5.99
+0.21
−0.20 65.2 38
7 QSF 3 1.6 1.278+0.075−0.073 6.35
+0.27
−0.27 37.8 38
8 ARP 220 4.3 1.351+0.122−0.119 5.84
+0.40
−0.39 36.4 38
9 3C 368 9.1 1.422+0.129−0.125 6.23
+0.44
−0.43 55.8 38
10 IRAS F10214+4724 1.2 1.335+0.060−0.059 6.44
+0.22
−0.21 71.3 38
11 IRAS 09104 1.0 1.216+0.127−0.125 7.05
+0.53
−0.51 23.7 38
12 MNVTEST 1.8 1.396+0.092−0.090 5.92
+0.31
−0.30 44.1 38
13 SN 1986J 7.5 1.453+0.075−0.073 6.69
+0.28
−0.28 38.0 38
14 AO 0235+164 9.0 1.436+0.123−0.119 5.84
+0.41
−0.39 28.7 38
15 NGC 1614 6.1 1.359+0.136−0.133 5.52
+0.43
−0.42 46.1 38
16 NGC 1667 5.5 1.343+0.114−0.111 6.17
+0.39
−0.38 43.5 38
17 4C 41.17 10.4 1.619+0.150−0.146 5.40
+0.45
−0.43 47.4 38
18 NGC 3690 0.9 1.213+0.130−0.127 5.82
+0.44
−0.43 41.0 38
19 K416 1.8 1.415+0.139−0.134 4.88
+0.39
−0.38 24.6 38
20 NGC 4449 1.4 1.432+0.117−0.114 5.53
+0.37
−0.36 38.7 38
21 PHL 5200 5.2 1.400+0.066−0.065 7.24
+0.27
−0.26 42.0 38
22 NGC 4418 2.1 1.318+0.117−0.114 6.26
+0.41
−0.40 53.0 38
23 GSGP 4 1.9 1.376+0.055−0.055 6.15
+0.20
−0.19 39.1 38
24 DI PEG 4.0 1.320+0.128−0.126 6.23
+0.46
−0.45 52.7 38
25 PG 1404+226 2.1 1.302+0.134−0.130 6.34
+0.51
−0.50 52.7 38
26 IRAS 15307+325 2.0 1.336+0.103−0.101 6.18
+0.37
−0.36 27.3 38
27 Z SYSTEM 2.2 1.368+0.062−0.060 5.88
+0.21
−0.20 28.1 38
28 MG 2016+112 15.5 1.445+0.061−0.060 6.26
+0.21
−0.21 27.4 38
29 IRAS 20460+192 11.2 1.360+0.126−0.122 6.07
+0.43
−0.42 38.8 38
30 BLANK SKY 13.4 1.527+0.124−0.121 5.79
+0.40
−0.39 35.8 38
31 EPSILON CMA 14.8 1.487+0.121−0.118 5.33
+0.37
−0.36 52.3 38
32 OJ 287 3.0 1.419+0.096−0.095 5.11
+0.29
−0.29 56.9 38
33 RASS 1011+1736 3.2 1.432+0.111−0.109 5.69
+0.35
−0.34 48.6 38
34 XY LEO 3.3 1.219+0.170−0.165 5.57
+0.56
−0.54 42.4 38
35 Mrk 231 1.3 1.404+0.058−0.058 5.89
+0.20
−0.19 39.0 38
36 NGC 7320 7.9 1.296+0.125−0.123 6.36
+0.45
−0.44 40.1 38
37 CN LEO 2.9 1.410+0.107−0.105 5.67
+0.36
−0.35 44.0 38
38 Mrk 273 1.1 1.450+0.141−0.138 4.76
+0.39
−0.38 35.8 38
39 NGC 5135 4.6 1.445+0.121−0.119 5.60
+0.39
−0.38 51.7 38
40 Q1508+5714 1.5 1.290+0.086−0.085 6.24
+0.31
−0.31 32.9 38
41 GB 930704 5.2 1.365+0.139−0.135 5.52
+0.44
−0.43 42.3 38
42 NGC 4125 1.8 1.452+0.130−0.127 5.82
+0.42
−0.41 31.8 38
43 TXFS 1011+144 3.9 1.506+0.121−0.117 5.59
+0.38
−0.37 45.6 38
44 MS 1054.5−0321 3.6 1.364+0.092−0.090 6.53+0.35−0.34 42.9 38
45 CL 2236−04 4.0 1.342+0.134−0.130 5.73+0.44−0.43 46.4 38
46 PG 1247+267 0.9 1.377+0.135−0.133 6.20
+0.48
−0.46 51.6 38
47 NGC 4450 2.4 1.496+0.130−0.127 6.03
+0.44
−0.43 43.2 38
48 QSO CLUSTER 1.1 1.474+0.057−0.057 5.94
+0.19
−0.19 59.2 38
49 NGC 5084 8.2 1.417+0.143−0.139 5.86
+0.47
−0.46 33.5 38




Field ID Field Name NH Γ FX χ
2 d.o.f.
51 Mrk 348 5.8 1.258+0.136−0.133 5.92
+0.47
−0.45 48.2 38
52 NGC 1332 2.2 1.371+0.099−0.096 5.95
+0.33
−0.33 33.5 38
53 PKS 0634−205 22.3 1.245+0.122−0.120 6.48+0.45−0.44 50.6 38
54 IRAS 20551−425 3.9 1.504+0.134−0.131 5.54+0.43−0.41 41.6 38
55 HS 1946+7658 7.6 1.472+0.106−0.104 6.07
+0.36
−0.35 21.5 38
56 RGH 12 1.5 1.244+0.109−0.107 5.79
+0.37
−0.36 28.3 38
57 UKMS 1 0.8 1.506+0.099−0.096 5.68
+0.32
−0.31 24.6 38
58 F568−06 2.0 1.361+0.113−0.110 6.20+0.40−0.39 43.9 38
59 NGC 7217 10.5 1.610+0.106−0.104 5.17
+0.31
−0.30 39.2 38
60 NGC 1672 2.3 1.428+0.138−0.135 5.44
+0.44
−0.43 38.9 38
61 BJS 855 4.0 1.466+0.107−0.106 6.03
+0.37
−0.36 36.7 38
62 PG 1148+549 1.2 1.414+0.123−0.120 6.13
+0.43
−0.42 37.3 38
63 IRAS 00317−2142 1.6 1.463+0.136−0.132 5.79+0.46−0.44 42.4 38
64 NGC 5005 1.1 1.248+0.127−0.125 6.59
+0.49
−0.48 44.9 38
65 NGC 5018 7.0 1.497+0.114−0.111 5.83
+0.37
−0.36 34.4 38
66 4C 38.41 1.0 1.367+0.143−0.139 5.90
+0.49
−0.48 36.4 38
67 AR UMa 1.8 1.455+0.091−0.089 6.26
+0.32
−0.31 42.2 38
68 PG 1114+445 1.8 1.311+0.106−0.104 6.18
+0.38
−0.37 47.2 38
69 HE 1104−1805 4.6 1.487+0.132−0.128 5.72+0.43−0.42 54.0 38
70 RX J1716.6+670 3.7 1.347+0.096−0.094 5.81
+0.32
−0.31 35.5 38
71 B2 1308+326 1.1 1.447+0.137−0.134 5.61
+0.45
−0.44 57.8 38
72 Q2345+007 3.8 1.464+0.091−0.088 5.39
+0.28
−0.28 37.6 38
73 IRAS 00235+102 5.1 1.353+0.110−0.109 6.26
+0.40
−0.39 40.5 38
74 NGC 612 1.8 1.406+0.088−0.086 5.66
+0.29
−0.28 55.6 38
75 CL 0024+17 4.2 1.467+0.114−0.112 6.20
+0.41
−0.40 34.1 38
76 NGC 315 5.9 1.504+0.137−0.132 5.57
+0.43
−0.42 64.9 38
77 MS 0302.7+1658 10.9 1.519+0.080−0.078 5.07
+0.23
−0.23 65.2 38
78 V 471 TAURI 15.8 1.270+0.118−0.115 6.91
+0.47
−0.46 41.8 38
79 RX J1802+1804 8.5 1.401+0.087−0.086 6.63
+0.33
−0.32 29.6 38
80 A548 1.9 1.513+0.081−0.080 5.68
+0.26
−0.25 39.8 38
81 IRAS 19254−7245 6.0 1.451+0.131−0.128 5.68+0.42−0.41 28.4 38
82 IRAS 07598+6508 4.3 1.511+0.119−0.115 5.40
+0.36
−0.35 42.0 38
83 HERC-1 2.4 1.269+0.101−0.099 6.71
+0.39
−0.38 56.8 38
84 IRAS 08572+3915 2.6 1.401+0.139−0.136 6.06
+0.48
−0.46 40.4 38
85 A851 1.2 1.394+0.079−0.078 5.65
+0.26
−0.25 48.0 38
86 NGC 7130 2.0 1.397+0.132−0.129 5.34
+0.41
−0.40 40.9 38
87 10303+7401 4.1 1.447+0.103−0.101 6.22
+0.37
−0.36 42.3 38
88 4C 06.41 2.8 1.448+0.095−0.093 5.66
+0.31
−0.30 36.8 38
89 M96 2.8 1.519+0.109−0.106 5.33
+0.33
−0.33 51.5 38
90 IC 2560 6.5 1.303+0.105−0.104 6.78
+0.41
−0.40 41.5 38
91 PG 0043+039 3.3 1.449+0.082−0.080 5.90
+0.28
−0.27 52.5 38
– average – 1.400+0.008−0.008 5.90
+0.05
−0.05 – –
– standard deviation – 0.054+0.008−0.010 0.42
+0.03
−0.03 – –
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A.2 Double Power-law Fit
Table A.7: Results of the double power-law ﬁt (Γ hard = 1.4 ﬁxed).
Field ID Field Name NH Γ
hard F hardX Γ
soft F softX χ
2 d.o.f.


















































11 IRAS 09104 1.0 1.4 6.06+0.19−0.19 > 5.79 2.55
+2.34
−2.34 61.6 65










14 AO 0235+164 9.0 1.4 5.88+0.17−0.17 > 5.26 3.68
+2.64
−2.65 53.4 65

















































































































































44 MS 1054.5−0321 3.6 1.4 6.40+0.17−0.19 7.38+2.62−2.61 1.93+4.29−1.31 69.4 65
45 CL 2236−04 4.0 1.4 5.52+0.19−0.22 8.83+1.17−4.07 3.14+4.15−2.63 82.2 65


























Field ID Field Name NH Γ
hard F hardX Γ
soft F softX χ
2 d.o.f.










53 PKS 0634−205 22.3 1.4 6.04+0.22−0.23 7.59+1.21−1.07 11.19+7.86−4.51 77.8 65
54 IRAS 20551−425 3.9 1.4 5.74+0.32−0.43 4.89+1.73−1.34 2.02+1.82−0.76 63.5 65















58 F568−06 2.0 1.4 6.05+0.19−0.25 6.62+3.38−3.75 0.86+3.45−0.72 61.0 65




















63 IRAS 00317−2142 1.6 1.4 5.93+0.27−0.58 5.42+3.90−2.97 1.00+2.94−0.65 85.4 65

























69 HE 1104−1805 4.6 1.4 5.91+0.27−0.39 5.27+2.26−1.86 1.54+2.04−0.77 72.9 65























































81 IRAS 19254−7245 6.0 1.4 5.79+0.22−0.23 7.50+0.62−0.59 16.91+5.04−3.84 60.8 65
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A.3 MEKAL + Power-law Fit
Table A.8: Results of the thermal model + power-law ﬁts (Z=1, z=0, kT=0.4 keV ﬁxed).
Field ID Field Name NH Γ



























































































































































































































44 MS 1054.5−0321 3.6 1.382+0.055−0.055 6.47+0.31−0.30 0.35+0.15−0.16 70.2 65
45 CL 2236−04 4.0 1.349+0.078−0.077 5.70+0.39−0.24 0.35+0.18−0.20 82.4 65


























Field ID Field Name NH Γ














53 PKS 0634−205 22.3 1.299+0.081−0.079 6.38+0.41−0.40 0.89+0.16−0.15 73.4 65
54 IRAS 20551−425 3.9 1.524+0.081−0.080 5.49+0.38−0.37 0.59+0.22−0.23 63.7 65















58 F568−06 2.0 1.378+0.060−0.064 6.16+0.35−0.33 0.24+0.17−0.19 60.9 65




















63 IRAS 00317−2142 1.6 1.439+0.076−0.078 5.82+0.40−0.39 0.34+0.21−0.24 84.0 65

























69 HE 1104−1805 4.6 1.467+0.077−0.076 5.75+0.39−0.38 0.44+0.20−0.21 71.8 65























































81 IRAS 19254−7245 6.0 1.353+0.081−0.080 5.83+0.39−0.38 2.47+0.24−0.25 61.8 65






























































Log of the Observed Fields
In table B.1, we show pointing lists of the CXB observations utilized in the present thesis. The
observation periods (UT), exposure times (sec), Euler angles, and Galactic longitude / latitude
(deg) of every pointings are given.
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Table B.1: Pointing list of the observations
Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
b-LSS 95/07/06 10:10 – 16:30 10,530 198.616 59.620 150.165 68.6 84.3
95/07/06 16:31 – 22:59 9,073 198.811 59.333 150.066 70.0 84.0
95/07/06 23:00 – 05:20 4,295 199.008 59.046 149.962 71.3 83.7
95/07/07 05:21 – 11:40 8,220 199.197 58.727 154.868 72.6 83.4
94/06/16 16:36 – 04:12 7,193 198.548 59.395 150.196 70.8 84.2
94/06/17 04:12 – 07:42 3,787 198.741 59.101 150.099 72.2 83.9
94/06/17 07:42 – 10:59 5,032 198.930 58.812 150.001 73.4 83.6
94/06/17 10:59 – 15:40 3,735 199.114 58.528 149.905 74.5 83.3
94/01/05 13:21 – 17:42 6,352 197.579 59.438 330.332 71.9 84.4
94/06/27 23:12 – 04:04 4,662 198.471 59.163 150.240 73.0 84.1
94/06/28 04:05 – 08:39 5,312 198.667 58.877 150.135 74.2 83.8
94/06/28 08:39 – 13:37 7,602 198.863 58.586 150.037 75.3 83.5
94/06/30 02:28 – 07:38 5,654 198.863 58.589 150.037 75.2 83.5
94/06/19 04:10 – 08:31 5,708 198.210 59.230 150.373 73.8 84.3
94/06/18 17:10 – 04:10 6,411 198.400 58.941 150.272 75.0 84.0
94/06/18 12:07 – 17:10 8,894 198.594 58.649 150.176 76.1 83.7
94/06/18 07:43 – 12:07 2,481 198.793 58.364 150.074 77.1 83.4
94/06/30 07:38 – 13:20 6,620 197.946 59.290 150.505 74.8 84.5
95/06/18 16:23 – 02:25 9,119 198.137 58.999 150.414 76.0 84.2
94/06/29 20:26 – 02:28 1,482 198.322 58.709 150.324 77.1 83.9
94/06/29 10:51 – 20:25 8,070 198.521 58.424 150.221 78.0 83.6
c-LSS 95/07/07 11:41 – 16:30 7,347 199.396 58.467 149.758 73.6 83.0
95/07/07 16:30 – 23:00 9,735 199.597 58.180 149.653 74.6 82.7
95/07/07 23:00 – 05:19 3,444 199.795 57.894 149.548 75.5 82.4
95/07/08 05:20 – 11:01 6,542 199.994 57.607 149.442 76.4 82.1
94/06/17 15:40 – 04:10 9,198 199.325 58.239 149.798 75.4 82.9
95/01/12 06:12 – 12:40 7,369 198.820 57.933 329.690 76.4 82.6
95/01/12 12:41 – 19:00 6,038 199.021 57.644 329.585 77.2 82.3
95/01/12 19:02 – 01:20 7,695 199.224 57.358 329.477 78.0 82.0
94/06/28 13:37 – 00:48 6,210 199.060 58.299 149.930 76.2 83.2
94/06/29 00:49 – 05:35 4,932 199.259 58.009 149.834 77.1 82.8
95/01/10 15:52 – 22:20 5,991 198.752 57.708 329.731 78.0 82.5
95/01/10 22:21 – 04:41 7,796 198.948 57.417 329.624 78.8 82.2
94/06/18 04:11 – 07:42 4,324 198.987 58.072 149.976 78.0 83.1
95/01/11 04:42 – 11:00 9,351 198.481 57.763 329.868 78.9 82.7
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Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
c-LSS 95/01/10 08:01 – 15:51 10,242 198.677 57.476 329.767 79.7 82.4
95/01/10 03:21 – 08:00 4,733 198.877 57.189 329.665 80.3 82.1
94/06/29 05:36 – 10:49 6,386 198.721 58.131 150.115 78.9 83.3
94/12/25 21:35 – 06:00 7,314 198.212 57.823 330.016 79.8 82.9
94/12/26 06:01 – 13:25 5,737 198.413 57.541 329.913 80.5 82.6
95/01/06 08:16 – 14:30 8,271 198.604 57.257 329.815 81.1 82.3
d-LSS 95/07/02 05:41 – 12:51 7,171 200.196 57.318 149.329 77.2 81.8
95/07/01 23:21 – 05:40 6,226 200.401 57.032 149.216 77.9 81.5
95/07/01 17:11 – 23:20 8,687 200.605 56.750 149.106 78.5 81.2
95/07/01 10:30 – 17:11 9,498 200.808 56.462 148.996 79.2 80.8
95/01/13 01:20 – 07:50 8,217 199.422 57.068 329.367 78.7 81.7
95/06/19 23:05 – 05:01 7,791 200.328 56.805 149.260 79.3 81.4
95/06/19 15:12 – 23:05 8,769 200.535 56.518 149.145 79.9 81.0
95/01/11 11:02 – 17:21 6,276 199.149 57.128 329.518 79.5 81.9
95/01/11 17:22 – 23:50 6,268 199.353 56.840 329.408 80.1 81.5
95/01/11 23:51 – 06:11 8,522 199.553 56.554 329.301 80.7 81.2
95/07/01 05:03 – 10:30 4,289 200.467 56.290 149.182 81.2 80.9
95/01/09 20:51 – 03:20 7,353 199.080 56.905 329.563 80.9 81.8
95/01/09 12:51 – 20:50 6,903 199.278 56.612 329.452 81.5 81.4
95/06/19 08:40 – 15:11 5,031 200.190 56.346 149.336 82.0 81.1
95/01/07 20:55 – 05:01 9,297 198.804 56.959 329.705 81.8 82.0
95/01/08 05:02 – 11:10 7,204 199.008 56.673 329.599 82.3 81.6
95/01/09 10:54 – 12:50 2,864 199.212 56.383 329.491 82.8 81.3
95/06/19 02:26 – 08:40 7,025 200.119 56.117 149.350 83.3 81.0
DRACO 93/06/04 14:13 – 02:33 21,475 256.939 19.289 109.068 102.2 34.2
93/06/05 09:10 – 19:01 10,715 257.586 19.196 108.476 102.3 33.9
93/06/05 19:02 – 15:35 24,812 258.228 19.096 107.879 102.3 33.7
JUPITER 93/06/06 15:44 – 00:51 20,409 185.203 90.575 156.169 286.2 61.2
NEP 93/06/09 23:39 – 10:51 16,120 270.205 23.711 79.026 96.4 29.8
93/07/20 20:08 – 05:45 10,691 270.588 23.596 117.658 96.4 29.8
93/10/21 20:58 – 08:10 14,732 270.381 23.196 209.708 96.4 29.8
94/03/28 08:03 – 20:50 15,229 269.426 23.603 8.030 96.4 29.8
93/07/02 04:25 – 12:43 13,852 270.028 23.663 100.390 96.4 30.0
93/08/16 13:44 – 00:35 16,858 270.289 23.500 139.619 96.4 30.0
93/09/30 05:05 – 17:42 15,313 270.178 23.282 185.975 96.4 30.0
93/11/16 10:31 – 22:00 15,676 269.593 23.155 240.536 96.4 30.0
QSF 3 93/07/11 12:17 – 13:50 24,133 55.283 134.381 39.660 250.8 −52.0
93/09/15 15:00 – 01:55 11,819 55.045 134.174 343.463 250.8 −52.0
93/09/10 22:21 – 11:45 12,810 55.041 134.163 341.009 250.8 −52.0
93/09/21 06:35 – 16:20 11,395 55.046 134.139 335.801 250.8 −52.0
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Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
ARP 220 93/07/26 13:39 – 15:10 23,103 233.934 66.525 154.961 36.5 53.1
3C 368 93/09/12 16:38 – 18:10 19,946 271.456 78.944 174.006 37.6 15.3
IRAS F10214+4724 93/11/04 07:41 – 07:40 32,890 155.847 42.812 330.223 168.0 55.1
94/05/05 13:35 – 15:01 24,692 156.488 42.826 151.415 168.1 55.0
99/05/02 20:56 – 01:50 31,070 156.772 42.802 150.541 168.0 55.1
IRAS 09104 93/11/12 20:30 – 22:01 34,542 138.117 49.163 353.303 181.0 43.7
MNVTEST 93/11/29 10:53 – 05:47 16,534 354.780 144.524 187.014 324.0 −59.3
93/11/30 05:49 – 05:39 21,617 354.785 144.522 207.015 323.8 −59.3
SN 1986J 94/01/21 08:04 – 13:01 37,139 35.869 47.539 193.704 140.4 −17.5
96/01/29 23:04 – 16:20 44,111 35.879 47.567 188.735 140.4 −17.5
AO 0235+164 94/02/04 19:07 – 04:41 7,548 39.822 73.257 198.862 156.8 −39.2
94/02/11 22:14 – 05:40 6,890 39.826 73.257 198.859 156.8 −39.2
94/02/16 01:25 – 09:10 7,251 39.823 73.256 198.859 156.8 −39.2
94/02/19 03:54 – 13:09 7,959 39.825 73.257 198.859 156.8 −39.2
98/02/11 07:56 – 00:00 12,709 39.851 73.282 189.979 156.8 −39.2
NGC 1614 94/02/16 09:15 – 15:20 28,027 68.679 98.472 191.611 204.5 −34.5
NGC 1667 94/03/06 08:40 – 08:25 31,035 72.337 96.221 190.165 204.1 −30.2
4C 41.17 94/03/23 08:18 – 09:41 24,187 102.989 48.457 170.144 174.7 17.4
NGC 3690 94/04/16 06:14 – 20:21 5,168 172.462 31.553 126.467 142.1 55.3
94/12/01 07:46 – 04:50 25,348 171.748 31.427 336.450 141.7 55.4
K 416 94/05/22 11:11 – 12:35 24,423 211.834 39.409 118.397 97.1 62.5
NGC 4449 94/05/25 17:41 – 02:40 37,808 187.306 45.995 134.571 137.2 72.4
PHL 5200 94/06/21 15:33 – 06:50 13,464 336.977 95.449 23.248 59.3 −49.6
99/11/21 15:24 – 06:30 79,206 337.314 95.226 187.522 59.0 −49.6
NGC 4418 94/06/11 16:55 – 15:40 26,754 186.928 90.891 157.176 289.9 61.3
GSGP 4 94/06/24 13:35 – 21:31 28,285 14.182 117.851 25.693 232.6 −88.6
95/12/12 14:22 – 07:21 12,885 14.399 117.533 204.583 241.9 −88.6
97/06/29 13:45 – 00:30 37,096 12.815 119.293 19.372 298.4 −88.1
98/06/26 10:15 – 18:00 32,225 13.547 118.530 18.478 268.6 −88.6
DI PEG 94/06/25 21:36 – 23:00 24,320 352.916 75.176 25.249 96.1 −43.6
PG 1404+226 94/07/13 02:45 – 06:41 27,610 211.836 67.603 155.222 21.3 72.4
IRAS 15307+325 94/07/22 04:48 – 04:10 30,053 233.424 57.332 148.498 51.9 54.9
Z SYSTEM 94/08/09 05:48 – 02:20 19,026 39.629 112.887 11.419 208.6 −65.2
94/08/10 02:20 – 07:20 24,968 39.844 113.253 11.402 209.6 −65.1
94/08/11 07:21 – 03:55 19,733 39.550 113.854 11.149 210.8 −65.5
95/07/28 02:01 – 22:40 23,029 40.400 113.543 16.901 210.5 −64.7
95/07/27 04:44 – 02:00 23,115 39.609 112.481 16.711 207.6 −65.1
MG 2016+112 94/10/24 11:03 – 17:01 62,104 304.985 78.372 192.917 53.9 −14.0
98/11/08 20:43 – 19:10 32,304 306.024 78.346 199.309 54.2 −14.5
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Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
IRAS 20460+192 94/10/27 06:07 – 07:41 32,463 312.266 70.293 188.670 64.5 −14.9
BLANK SKY 94/11/10 08:53 – 05:40 23,588 298.009 33.718 207.402 89.0 14.5
EPSILON CMA 94/11/16 13:20 – 10:00 34,376 104.442 118.913 323.486 239.9 −11.2
OJ 287 94/11/18 10:07 – 15:00 29,671 133.491 69.903 344.818 206.8 35.9
97/04/26 14:56 – 19:10 25,274 133.928 69.882 164.266 206.9 35.7
97/11/18 00:15 – 01:51 33,534 133.489 69.906 345.509 206.8 35.9
RASS 1011+1736 94/11/30 07:53 – 07:40 31,817 153.303 72.638 344.601 219.6 52.6
XY LEO 94/12/02 22:02 – 10:41 2,244 150.206 72.575 337.804 217.8 49.9
95/11/11 12:35 – 01:20 16,798 150.205 72.585 338.566 217.8 49.8
Mrk 231 94/12/05 04:44 – 18:50 14,201 193.718 33.053 319.536 121.4 60.2
99/11/10 06:03 – 18:11 80,370 193.733 32.999 300.347 121.4 60.3
94/05/23 12:38 – 12:35 22,488 193.102 33.239 140.325 123.3 60.3
NGC 7320 94/12/07 13:57 – 18:20 28,579 339.210 55.925 199.511 93.2 −21.1
CN LEO 94/12/16 13:23 – 08:10 44,712 163.917 82.988 341.575 244.1 56.2
Mrk 273 94/12/27 19:19 – 19:41 29,781 205.823 34.064 326.286 107.9 59.6
NGC 5135 95/01/22 16:54 – 18:20 35,628 201.200 119.841 342.424 311.9 32.5
Q1508+5714 95/03/02 15:36 – 13:40 35,496 227.199 33.070 15.275 93.3 51.2
95/12/15 08:04 – 04:30 27,928 227.201 32.841 306.189 93.1 51.3
GB 930704 95/03/17 14:23 – 22:10 10,471 104.124 25.460 158.923 151.2 24.5
95/03/17 22:11 – 07:50 9,624 102.714 25.700 160.468 151.3 23.9
95/03/18 07:51 – 14:11 4,933 101.306 26.049 161.564 151.5 23.2
NGC 4125 95/04/05 18:14 – 16:31 24,801 182.398 24.996 97.548 130.2 51.3
TXFS 1011+144 95/05/18 02:16 – 01:50 28,107 153.871 75.749 161.325 224.4 51.2
MS 1054.5−0321 95/05/23 21:35 – 17:20 48,650 164.455 93.623 162.128 256.5 48.6
CL 2236−04 95/05/31 06:47 – 10:52 25,006 339.743 94.606 20.959 63.0 −51.2
PG 1247+267 95/06/17 12:21 – 16:21 26,062 192.753 63.465 165.484 273.3 89.2
NGC 4450 95/06/20 05:04 – 09:51 25,602 187.339 72.895 166.022 273.7 78.5
QSO CLUSTER 95/07/03 13:04 – 22:10 69,690 205.447 62.580 173.664 40.0 79.1
97/01/18 19:34 – 08:01 18,352 205.314 61.629 343.262 42.5 78.6
96/07/03 15:42 – 18:40 26,766 204.953 61.887 154.861 40.9 79.5
NGC 5084 95/07/08 18:43 – 15:20 25,053 200.284 111.836 158.373 311.6 40.5
SA 68 95/07/12 23:28 – 04:30 22,801 4.167 74.496 39.551 110.9 −46.3
95/07/09 15:36 – 18:40 24,383 4.381 74.324 39.538 111.3 −46.2
Mrk 348 95/08/04 08:05 – 12:40 32,237 12.061 58.209 35.685 122.3 −30.8
NGC 1332 95/08/05 12:48 – 23:50 44,361 51.396 111.452 17.067 212.0 −54.3
PKS 0634−205 95/10/09 07:56 – 15:30 25,879 98.913 110.643 351.316 229.9 −12.3
IRAS 20551−425 95/10/19 21:36 – 02:40 25,595 314.843 132.532 196.555 358.5 −40.8
HS 1946+7658 95/10/21 02:52 – 00:40 29,738 297.067 12.826 181.683 109.1 23.5
RGH 12 95/10/29 23:09 – 05:20 34,859 143.113 55.970 347.788 191.0 47.3
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Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
UKMS 1 95/11/12 10:34 – 18:50 40,963 152.438 34.231 334.580 156.7 49.6
F568−06 95/11/16 09:13 – 00:40 17,045 159.748 69.155 341.640 217.5 59.5
95/11/26 08:41 – 03:50 21,783 159.746 69.155 341.641 217.5 59.5
NGC 7217 95/11/19 21:35 – 01:01 61,961 332.168 58.529 193.404 86.4 −19.8
NGC 1672 95/11/23 21:29 – 21:30 27,337 71.223 149.072 281.596 268.8 −38.9
BJS 855 95/11/27 18:03 – 05:20 32,159 161.306 90.371 338.682 250.2 49.3
PG 1148+549 95/12/07 22:09 – 20:50 27,386 177.485 35.366 337.688 140.4 60.4
IRAS 00317−2142 95/12/11 09:32 – 14:20 27,837 8.718 111.299 203.271 86.8 −83.2
NGC 5005 95/12/13 07:37 – 08:00 27,055 197.498 52.892 324.615 101.1 79.2
NGC 5018 96/01/16 15:55 – 02:41 28,909 198.059 109.439 318.008 310.1 43.1
4C 38.41 96/03/04 21:00 – 03:11 6,959 248.569 51.933 359.996 61.2 42.3
96/03/21 12:02 – 18:30 6,899 248.584 51.962 8.239 61.2 42.3
96/03/25 19:57 – 02:10 6,347 248.655 52.022 30.755 61.2 42.3
96/03/27 10:09 – 16:20 6,707 248.655 52.027 31.773 61.2 42.3
AR UMa 96/04/27 05:21 – 03:30 40,000 169.196 47.108 137.853 167.6 64.9
PG 1114+445 96/05/05 23:54 – 23:45 49,188 169.550 45.831 144.244 164.9 64.4
HE 1104−1805 96/05/31 03:34 – 09:30 30,842 166.854 108.361 161.239 270.8 37.8
RX J1716.6+670 96/06/09 01:40 – 15:10 37,191 259.310 23.057 83.391 97.6 34.0
96/06/11 02:06 – 19:50 17,481 259.310 23.058 83.397 97.6 34.0
B2 1308+326 96/06/10 15:16 – 02:00 15,631 197.877 57.713 141.111 86.2 83.4
96/06/11 19:56 – 09:21 12,356 197.876 57.710 141.111 86.2 83.4
Q2345+007 96/06/26 05:59 – 11:10 27,038 356.922 89.167 17.692 92.2 −58.0
96/06/28 04:14 – 07:50 27,318 356.918 89.163 17.759 92.1 −58.0
IRAS 00235+102 96/07/07 13:43 – 13:31 31,603 6.394 79.462 29.201 112.9 −51.6
NGC 612 96/07/12 08:20 – 05:00 58,812 23.285 126.607 16.315 261.2 −77.0
CL 0024+17 96/07/21 00:24 – 03:20 34,612 6.505 72.982 26.798 114.5 −45.2
NGC 315 96/08/05 16:43 – 16:41 26,559 14.316 59.806 33.690 124.6 −32.4
MS 0302.7+1658 96/08/18 15:36 – 16:00 25,936 46.199 72.935 10.952 163.0 −34.9
99/01/24 06:14 – 16:40 35,653 46.503 72.400 197.381 162.8 −34.9
99/02/20 22:55 – 20:06 28,506 46.498 72.399 197.805 162.8 −34.9
99/08/24 05:14 – 16:30 8,649 46.153 72.646 16.014 162.8 −34.7
V 471 TAURI 96/08/26 17:13 – 21:40 36,260 57.413 72.851 10.151 172.4 −27.8
RX J1802+1804 96/09/30 17:06 – 23:10 50,009 270.734 71.851 180.994 44.0 18.8
A548 96/10/10 01:55 – 19:10 44,559 85.501 115.563 341.198 229.9 −25.6
98/09/27 07:18 – 10:14 17,827 86.228 115.271 352.972 229.7 −24.9
IRAS 19254−7245 96/10/16 17:18 – 23:15 24,845 293.510 162.601 177.790 322.4 −28.7
IRAS 07598+6508 96/10/29 16:52 – 16:31 31,511 120.689 25.083 3.321 151.1 32.1
HERC-1 96/11/02 01:58 – 01:40 27,744 260.163 39.785 227.308 76.6 34.8
94/05/01 18:22 – 12:00 17,211 259.824 42.140 50.219 74.5 34.8
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Field Date Exposure Euler Angles Gal.
Name yy/mm/dd START – END (sec) φ θ ψ l b
IRAS 08572+3915 96/11/03 01:48 – 01:23 22,720 134.848 50.931 339.826 183.3 41.1
A851 95/04/12 13:42 – 21:36 29,938 146.061 43.012 159.055 171.7 48.2
96/11/16 20:44 – 20:20 20,885 145.474 43.019 347.404 171.5 48.4
98/04/19 18:35 – 19:10 30,890 146.042 43.080 142.037 171.7 48.2
NGC 7130 96/11/18 20:34 – 01:00 25,964 327.286 124.831 197.627 9.8 -50.3
10303+7401 96/11/26 13:20 – 11:41 32,155 157.881 16.271 347.921 134.7 40.1
4C 06.41 96/12/13 09:14 – 18:21 60,654 160.119 83.824 338.578 241.1 52.8
96/12/20 22:56 – 08:20 7,117 160.120 83.824 338.578 241.1 52.8
M96 96/12/16 00:54 – 03:50 30,818 161.522 78.130 326.851 234.5 57.1
IC 2560 96/12/19 03:59 – 11:40 27,160 153.843 123.523 329.626 269.5 19.1
PG 0043+039 96/12/21 08:36 – 03:30 23,619 11.592 85.673 209.093 120.2 -58.8
97/07/10 17:29 – 21:00 27,527 12.121 84.700 25.908 121.9 -57.3

Appendix C
CXB Fluctuation due to Unresolved Sources
In Appendix C, we derive the equation (6.10), based on the estimation by Condon (1974); the
CXB intensity observed with an instrument with a ﬁnite f.o.v. ﬂuctuates from ﬁeld to ﬁeld, since
the number of discrete sources in the f.o.v. statistically ﬂuctuates, which are distributed along
the logN–logS relation.
As introduced in § 2.3.1, the diﬀerential form of the logN–logS relates the number of discrete
sources observed per solid angle with the sensitivity S of the instrument as
n(S) = k S−γ , (C.1)
where the slope γ denotes the diﬀerence from the Euclidean universe of γ = 2.5. The source
brighter than S can be observed with the counting rate x (cts s−1 cm−2) through the instrument
as
x = A f(Ω) S, (C.2)
where f(θ, φ) is so-called transmission function and normalized by A at θ=φ=0. When we take
dn(x) as the source number counts per solid angle detected between x and x + dx, it becomes
in the small solid angle dΩ becomes as









Then the equation (C.3) is integrated over the instrumental f.o.v. and becomes
dn(x) = kAγ−1 x−γ dx Ωeﬀ , (C.4)




This Ωeﬀ is called “eﬀective beam size” and represents the response of the detector to the source
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where xmax and xmin are the upper and lower cutoﬀ of the counting rate, respectively. The











Therefore, the fraction of the CXB ﬂuctuation is
σx/x =
2− γ√











In the text, we approximate xmax by S0, above which we performed the source elimination. As
for xmin, corresponding ﬂux Smin was used, where each logN–logS curve deﬁned by (k, γ) pair
crosses the total intensity of the CXB. Note that equation (C.8) becomes
σx/x ∝ Ω−0.5eﬀ S 0.250 (S0 ≡ xmax/A). (C.9)
for the Euclidean universe, i.e., γ = 2.5 and when S0 >> Smin.
Appendix D
Spectra of Individual Fields
We show the spectra from the CXB observations ﬁtted in the 0.7–10 keV energy band with an
absorbed power-law and a thermal MEKAL model, in Figure D.1–D.91. Plasma temperature
of the MEKAL component is ﬁxed to 0.4 keV. Absorption columns are also ﬁxed to the values
derived from Dickey & Lockman (1990), as shown in table 4.1. Upper panel of each ﬁgure shows
GIS2+3 spectrum (crosses), the best ﬁt model (solid line), hard power-law (dashed line), and
soft thermal model (dot-dashed line). Lower panels show residuals plotted in unit of σ.
Figure D.1: b-LSS Figure D.2: c-LSS
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Figure D.3: d-LSS Figure D.4: DRACO
Figure D.5: JUPITER Figure D.6: NEP
Figure D.7: QSF 3 Figure D.8: ARP 220
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Figure D.9: 3C 368 Figure D.10: IRAS F10214+4724
Figure D.11: IRAS 09104 Figure D.12: MNVTEST
Figure D.13: SN 1986J Figure D.14: AO 0235+164
116 APPENDIX D. SPECTRA OF INDIVIDUAL FIELDS
Figure D.15: NGC 1614 Figure D.16: NGC 1667
Figure D.17: 4C 41.17 Figure D.18: NGC 3690
Figure D.19: K 416 Figure D.20: NGC 4449
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Figure D.21: PHL 5200 Figure D.22: NGC 4418
Figure D.23: GSGP 4 Figure D.24: DI PEG
Figure D.25: PG 1404+226 Figure D.26: IRAS 15307+325
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Figure D.27: Z SYSTEM Figure D.28: MG 2016+112
Figure D.29: IRAS 20460+192 Figure D.30: BLANK SKY
Figure D.31: EPSILON CMA Figure D.32: OJ 287
119
Figure D.33: RASS 1011+1736 Figure D.34: XY LEO
Figure D.35: Mrk 231 Figure D.36: NGC 7320
Figure D.37: CN LEO Figure D.38: Mrk 273
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Figure D.39: NGC 5135 Figure D.40: Q1508+5714
Figure D.41: GB 930704 Figure D.42: NGC 4125
Figure D.43: TXFS 1011+144 Figure D.44: MS 1054.5−0321
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Figure D.45: CL 2236−04 Figure D.46: PG 1247+267
Figure D.47: NGC 4450 Figure D.48: QSO CLUSTER
Figure D.49: NGC 5084 Figure D.50: SA 68
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Figure D.51: Mrk 348 Figure D.52: NGC 1332
Figure D.53: PKS 0634−205 Figure D.54: IRAS 20551−425
Figure D.55: HS 1946+7658 Figure D.56: RGH 12
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Figure D.57: UKMS 1 Figure D.58: F568−06
Figure D.59: NGC 7217 Figure D.60: NGC 1672
Figure D.61: BJS 855 Figure D.62: PG 1148+549
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Figure D.63: IRAS 00317−2142 Figure D.64: NGC 5005
Figure D.65: NGC 5018 Figure D.66: 4C 38.41
Figure D.67: AR UMa Figure D.68: PG 1114+445
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Figure D.69: HE 1104−1805 Figure D.70: RX J1716.6+670
Figure D.71: B2 1308+326 Figure D.72: Q2345+007
Figure D.73: IRAS 00235+102 Figure D.74: NGC 612
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Figure D.75: CL 0024+17 Figure D.76: NGC 315
Figure D.77: MS 0302.7+1658 Figure D.78: V 471 TAURI
Figure D.79: RX J1802+1804 Figure D.80: A548
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Figure D.81: IRAS 19254−7245 Figure D.82: IRAS 07598+6508
Figure D.83: HERC-1 Figure D.84: IRAS 08572+3915
Figure D.85: A851 Figure D.86: NGC 7130
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Figure D.87: 10303+7401 Figure D.88: 4C 06.41
Figure D.89: M96 Figure D.90: IC 2560
Figure D.91: PG 0043+039
Appendix E
Flat Field Images and Source-Masks
In Appendix E, we show the ﬂat ﬁeld images from the CXB observations, which were created
by the method described in Chapter 4.
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Figure E.5: JUPITER
Figure E.6: NEP FIELD
Figure E.7: QSF 3
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Figure E.8: ARP 220
Figure E.9: 3C 368
Figure E.10: IRAS F10214+4724
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Figure E.11: IRAS 09104
Figure E.12: MNVTEST
Figure E.13: SN 1986J
135
Figure E.14: AO 0235+164
Figure E.15: NGC 1614
Figure E.16: NGC 1667
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Figure E.17: 4C 41.17
Figure E.18: NGC 3690
Figure E.19: K416
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Figure E.20: NGC 4449
Figure E.21: PHL 5200
Figure E.22: NGC 4418
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Figure E.23: GSGP 4
Figure E.24: DI PEG
Figure E.25: PG 1404+226
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Figure E.26: IRAS 15307+325
Figure E.27: Z SYSTEM
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Figure E.28: MG 2016+112
Figure E.29: IRAS 20460+192
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Figure E.30: BLANK SKY
Figure E.31: EPSILON CMA
Figure E.32: OJ 287
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Figure E.33: RASS 1011+1736
Figure E.34: XY LEO
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Figure E.35: Mrk 231
Figure E.36: NGC 7320
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Figure E.37: CN LEO
Figure E.38: Mrk 273
Figure E.39: NGC 5135
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Figure E.40: Q1508+5714
Figure E.41: GB 930704
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Figure E.42: NGC 4125
Figure E.43: TXFS 1011+144
Figure E.44: MS 1054.5-0321
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Figure E.45: CL 2236-04
Figure E.46: PG 1247+267
Figure E.47: NGC 4450
148 APPENDIX E. FLAT FIELD IMAGES AND SOURCE-MASKS
Figure E.48: QSO CLUSTER
Figure E.49: NGC 5084
Figure E.50: SA 68
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Figure E.51: Mrk 348
Figure E.52: NGC 1332
Figure E.53: PKS 0634-205
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Figure E.54: IRAS 20551-425
Figure E.55: HS 1946+7658
Figure E.56: RGH 12
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Figure E.57: UKMS 1
Figure E.58: F568-06
Figure E.59: NGC 7217
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Figure E.60: NGC 1672
Figure E.61: BJS 855
Figure E.62: PG 1148+549
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Figure E.63: IRAS 00317-2142
Figure E.64: NGC 5005
Figure E.65: NGC 5018
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Figure E.66: 4C 38.41
Figure E.67: AR UMa
Figure E.68: PG 1114+445
155
Figure E.69: HE 1104-1805
Figure E.70: RX J1716.6+670
Figure E.71: B2 1308+326
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Figure E.72: Q2345+007
Figure E.73: IRAS 00235+102
Figure E.74: NGC 612
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Figure E.75: CL 0024+17
Figure E.76: NGC 315
Figure E.77: MS 0302.7+1658
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Figure E.78: V 471 TAURI
Figure E.79: RX J1802+1804
Figure E.80: A548
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Figure E.81: IRAS 19254-7245
Figure E.82: IRAS 07598+6508
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Figure E.83: HERC-1
Figure E.84: IRAS 08572+3915
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Figure E.85: A851
Figure E.86: NGC 7130
Figure E.87: 10303+7401
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Figure E.88: 4C 06.41
Figure E.89: M96
Figure E.90: IC 2560
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Figure E.91: PG 0043+039
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